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PREFACE 
The earliest theoretical investigations of the hydrogen molecule-ion 
were concerned mainly with determining the validity of quantum mechanics; 
first the Bohr-Sommerfeld-Wilson theory and, a few years later, the 
Schrodinger theory of wave mechanics. Later investigations of Hg+ were 
motivated by the desire to obtain accurate information about experi­
mentally difficult-to-measure properties of this molecule and Hg. More 
recently, emphasis has shifted towards using I +^ as a model for con­
structing approximate diatomic molecular orbitals and for investigating 
the behavior and convergence properties of various approximations. 
Moreover, since is the simplest of all molecules, it has been very 
recently studied as part of an inquiry into the nature of chemical binding. 
Much remains to be done with regard to these later objectives. 
Complex molecular calculations are most frequently based on the LCAO 
(linear combination of atomic orbitals) method. Although physical and 
chemical intuition suggests this as a natural means of representing 
molecular wave functions, little is known, as yet, about the actual opti­
mal effectiveness of such superpositions. The problem is complicated by 
the fact that non-trivial expansions are required for three reasons: (i) 
The presence of several nuclei leads to molecular wave functions of 
peculiar geometric shapes so that, even in many-center one-electron 
systems, such as Hg+ and H3++, more than one primitive orbital per atom 
is needed; (ii) In many-electron systems the average shielding effect of 
the electron sea modifies the nuclear potential so that even the atomic 
self-consistent-field orbitals are superpositions of many primitive atomic 
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orbitals; (iii) Correlation effects, if approached by configuration inter­
action, introduce additional atomic orbitals. Reliable knowledge about 
the requirements of each aspect is needed for the effective construction 
of electronic wave functions. The hydrogen molecule-ion represents the 
basic prototype for gaining insight into the geometrical aspects of 
LCAO expansions. 
An attractive feature of LCAO expansions is that they can be 
expected to facilitate, in a natural way, the qualitative and quantitative 
analysis of the difference in energy between Hg+ and (H + H*) and, 
thereby, contribute towards an appropriate understanding of the wave 
mechanical origin of chemical binding. A recent investigation has 
suggested that such understanding, as well as insight into complex molecu­
lar wave functions, can be gained from a suitable partitioning of the 
binding energy. In the case of the hydrogen molecule-ion, this par­
titioning reduces to a decomposition into promotional energy, quasi-
classical energy, and interference energy; the possibilities of such an 
analysis can be explored without the complication of electronic inter­
actions. This is of particular interest since it was shown that, even in 
many-electron molecules, chemical binding essentially originates from one-
electron energy contributions. 
Good LCAO wave functions for the hydrogen molecule-ion are, therefore, 
of considerable interest. However, even in this simplest of cases, only 
rather lengthy expressions have succeeded in accurately reproducing the 
molecular binding•energy. It would be desirable to have as short an 
expansion as possible and, in so doing, determine an order of importance 
of the required orbitals. The lack of such information can presumably be 
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attributed to the availability of direct solutions of the Schrodinger 
equation for the problem and to the difficulties arising in minimizing 
integral forms with respect to nonlinear parameters. 
In the present work, a number of approximations to five of the more 
important states of Hg+ are determined with the object of finding the 
shortest expansions in atomic orbitals which represent the exact eigen-
functions to a considerable degree of accuracy. This is done by utilizing 
all parameters made available by the choice of variational functions. The 
basic orbitals are of the Slater type, and all superposition coefficients, 
as well as orbital exponents, are independently varied in order to obtain 
the lowest possible energy expectation value. The nonlinear minimizations 
are carried out by a somewhat novel, convergent, iterative technique 
developed for this purpose. Thus, accurate representations are obtained 
for the lowest 2£g> 2^ u» 2^ u» 2^ g' ant* 3Ag states. 
A new stable state of the molecule is found: The energy curve of the 
lowest 3Ag state is shown to have a minimum at about 9.8 A with a binding 
energy of about 0.36 kcal. 
The wave functions obtained are analyzed on the basis of the binding 
energy partitioning mentioned earlier. The examination of the energy 
components, particularly as functions of the intemuclear distance, 
reveals considerable regularity and similarity among the various states. 
Thus, a better understanding of the wave functions, as well as the origin 
of the one-electron chemical bond, is achieved. 
Throughout this work, except when otherwise noted, energy and length 
are reported in atomic units (38, 102): 
1 Hartree = 1 H = (me4/h3) = 27.210 ev 
vi 
1 Bohr = 1 b = (h3/me3) = 0.529171 x 10"8 cm, 
where m is the mass of an electron and e is its charge. In order to 
compare theory with experiment, the following conversion factors are 
needed (38): 
Hydrogen Rydberg = R^ = 109 677.576 cm-1 
Infinite mass Rydberg = R^ = 109 737.309 cm-1 
Experimental ionization energy = 1^ = 13.5978 ev 
of the hydrogen aVom 
Nonrelativistic, infinite- = I *= 13.605 ev = 0.5 H 
nuclear-mass approximation to 
the hydrogen atom ionization 
energy 
Three different sets of nomenclature are in use for identifying the 







lowest 32 g 1Sag CT lS g 





lowest 2n g 3dng Vp 
lowest 3Ag 3d6 g 6 3d g 
second 3Z g 2sct g a 2s g 




In the case of Hg+, the spectroscopic notation presents some 
ambiguities because of violations of the noncrossing rule between states 
belonging to the same irreducible representation. Accurate calculations 
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show that the 2sa and 3da states, and also the 3pn and 4£tt states g g u u 
cross (4, 108). There is, however, no ambiguity with respect to the 
lowest level of each symmetry, with which the present calculations are 
concerned. 
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I. HISTORICAL REVIEW 
A. Experimental Investigations 
Obtaining experimental information about the hydrogen molecule-ion is 
complicated by the fact that no discrete spectrum of this positive ion has 
ever been observed. [Brasefield (17), in 1927, observed 45 weak emission 
lines which he identified as Hg+ rotational bands, but after examining the 
energy curves calculated by Morse and Stuckelberg (83), he recanted (16). 
He did, however, maintain that some strong continuous spectra were due to 
the hydrogen molecule-ion.] 
That I +^ did exist as a stable molecule was discovered as early as 
1907 by J. J. Thompson in canal>rays (112). In a discharge tube filled 
with hydrogen, he observed positive ions with a mass to charge ratio of 2, 
corresponding to I +^. Similar observations were reported by Knipp (70) 
and by Dempster (33). With improved canal ray techniques it became 
possible to measure the appearance potential of Hg+ or, equivalently, the 
ionization potential of the hydrogen molecule. This value was variously 
reported as 11.0, 13.5, 16.0, 16.68, and 22.8 volts, with 16.0 appearing 
to be most popular. The value 22.8 volts, claimed by Horton and Davies 
(58) in 1923, was regarded by them a confirmation of Bohr-Sommerfeld-
Wilson type quantum theoretical calculations made by Pauli (86) and 
Niessen (8 5) a year earlier. But in the same year, Smyth (104, 105) , 
using a hydrogen filled discharge tube at the very low pressures which 
favored Hg+ formation to the exclusion of other products, found its 
appearance potential to be 15.9 volts (.5843 H), in agreement with the 
earlier consensus. The results of this experiment, together with other 
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inconsistencies (62), created serious doubts about the validity of the old 
quantum theory. 
Witmer (122), in 1926, determined the dissociation energy of + by 
an indirect method. According to energy conservation, the sum of the 
energy of ionization of the hydrogen atom and the dissociation energy of 
the hydrogen molecule is equal to the sum of the dissociation energy of 
the hydrogen molecule-ion and the ionization energy of the hydrogen mole­
cule. Witmer examined the lower vibrational transitions in the ultraviolet 
band spectrum of the hydrogen molecule and then extrapolated the energy 
differences between these vibrational levels to the limit of dissociation. 
He found the dissociation energy of the hydrogen molecule to be 4.34 ev 
(0.160 H). Then, by constructing a Rydberg series in analogy with the 
hydrogen atom spectrum and extrapolating, he found an ionization potential 
of 15.193 ev (0.5584 H). From these quantities Witmer computed, for the 
dissociation energy of Hg+, 2.69 ev (0.0989 H), a value which proved to be 
in excellent agreement with the result of the first wave mechanical calcu­
lation, made the following year by Burrau (20). 
Richardson (91, 92) and Birge (10) noted that a large number of 
hydrogen molecule states converge in the limit to the ground state of Hg+, 
and that this limit is approached rapidly. By extrapolating from these 
bands Birge determined several spectroscopic constants; and in particular, 
he found for the vibrational constant, , 2247 cm"*1 (0.01024 H) and for 
the equilibrium nuclear separation, 1.056 A (1.996 b). 
Because the importance of the kinetic energy in products of dissoci­
ation was not recognized at first, early work with canal rays and 
appearance potentials gave hydrogen molecule ionization potentials that 
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were consistently larger than similar spectroscopic determinations. In 
1933, Lozier (75) corrected this defect when, in an experiment with 
hydrogen, he simultaneously measured the appearance potential of H* ions, 
their kinetic energy, and the appearance potential of H3+ . From these 
data he calculated a dissociation energy for + of 2.59 ev (0.0952 H) , in 
better agreement with spectral determinations. 
What appear to be the most reliable measurements were made about 1935 
by Beutler and Jiinger. Beutler determined the dissociation energy of Hg 
by two different methods. In one experiment (7) he used the method 
employed earlier by Witmer, but with a more complete set of vibrational 
levels, making possible a more accurate extrapolation. In another experi­
ment (6) he determined the boundary of the continuous absorption spectrum 
of para hydrogen. This method had been used earlier by Dieke and 
Hopfield (36) with ordinary hydrogen, which is 75 percent ortho, resulting 
in too small a value. Since the dissociation products are one hydrogen 
atom in the ground state and one in the 2s state, (3/4)Ry. must be sub­
tracted from the absorption boundary, which Beutler found at 118,376 cm-1. 
Thus, using a currently accepted value of R^, the Hg dissociation energy 
is 36118 cm-1 (0.16457 H). The ionization potential was determined from 
the absorption spectrum (9) by measuring the wavelength at which a 
diffusion, attributed to ionization, began. A value of 124,429 cm™1 
(0.566940 H) was obtained. This information, together with the current 
value of R^j, gives for the dissociation energy of Hg+ , 21367 cm""1 
(0.09735 H). 
Table 1 summarizes the most accurate experimental results pertinent 
to the ground state of Hg+. 
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Table 1. Accurate experimental information known for Hg+ . 
Experimental 
value3 Reference 
Hg dissociation energy 0.16456 6 
Hg ionization energy 0.566940 9 
H atom ionization 
energy (R^/2R^) 
0.499728 38 
1 +^ dissociation energy 0.09735 
Hg+ total molecular energy -0.59708 




Discrete spectrum None observed 91, 92 
aAll values are given in atomic units; energies in Hartrees, lengths 
in Bohr. 
B. Theoretical Investigations : General 
The hydrogen molecule-ion, being the simplest molecular system, has 
received considerable attention almost from the beginning of quantum 
mechanics. Consisting of two protons and a single electron, it plays a 
part in the theory of molecules that may be likened to the part played by 
the hydrogen atom in atomic theory. It is not only the physical simplicity 
of two systems that invites this comparison, but also a relative mathe­
matical simplicity: the solutions of their classical and wave mechanical 
equations of motion are separable, the hydrogen atom problem in spherical 
polar coordinates and the hydrogen molecule-ion problem in prolate 
spheroidal coordinates. This property allows the wave mechanical partial 
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differential equation to be reduced to a set of ordinary differential 
equations which can be solved and allows the classical equations to be 
solved in action-angle variables (27). Among atoms and molecules, 
hydrogen and I +^ (and systems related to them) alone enjoy this property. 
According to the old quantum rules of Bohr (11, 12), Sommerfeld (106), 
and Wilson (121) , classical solutions in action-angle variables connected 
classical mechanics with quantum theory when nondegenerate action 
variables were permitted to assume only integral multiples of Plank's 
constant. The success of these rules in predicting the energy levels of 
the hydrogen atom encouraged Pauli (86) and Niessen (85), in 1922, to 
treat the hydrogen molecule-ion in the same way. They found, for the 
lowest dynamically stable orbit, an energy of -0.2586 H and, for the 
nuclei, an equilibrium separation of 5.53 b. Although their results 
suggested the stability of the molecule, they were not in quantitative 
agreement with experimental observations (104, 114). The introduction of 
the matrix formulation of quantum theory in 1925 (13, 53) and the equiva­
lent, but more tractable, wave mechanics in 1926 (98, 99, 100) renewed 
hope for a successful theory of molecular binding. 
The first published wave mechanical treatment of Hg+ was by 
Alexandrow (1), in 1926, who demonstrated the separability of the solution 
of the wave mechanical equation but failed to obtain correct quantitative 
results (2). This was left to Burrau (20), who, a year later, calculated 
a ground state binding energy of -0.6024 H and an equilibrium nuclear 
separation of 2.0 b, in complete agreement with experiment. However, at 
about the same time, Niessen (84), continuing to use the old quantum rules 
but modifying them to allow half-integral quantum numbers, found a stable 
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orbit with an energy of -0.603 H and an equilibrium nuclear separation 
of 2.9 b. That Niessen's result was not completely fortuitous was shown 
by Chao (23) in 1929, who demonstrated that Hg + belongs to a group of 
problems in which the introduction of half-integral quantum numbers is 
equivalent to applying a first order BWK approximation (18, 19, 71, 118) 
to the separated wave mechanical equations. 
The four.principle methods for treating stationary problems in wave 
mechanics - direct solution of the Schrodinger equation, stationary 
perturbation theory, the BWK approximation, and the variational method -
have all been applied to the hydrogen molecule ion; for this problem 
belongs to the small group of problems which can be approached by any of 
these methods or a combination of them. Thus, for example, Teller (111), 
after separating the Schrodinger equation into two ordinary differential 
equations, solved one with a convergent power series and the other by a 
variational method. Also, Matsen (79) used a combination of a pertur­
bation calculation and the variational method. But in spite of the 
occasional appearance of hybrid methods, the major part of theoretical 
work on Hg* can be characterized as above. 
Direct solutions were obtained for the ground state by Burrau (20), 
Wilson (120), Hylleraas (64, 65), Jaffé (66), Baber and Hasse (3), 
Sandeman (96), and Johnson (68), and for some excited states as well by 
Teller (111), Steensholt (108), Chakravarty (22), and Bates et al. (4). 
Johnson, in addition to doing the fixed nucleus calculation, computed 
corrections for the nuclear motion which is ignored in that approximation. 
Steensholt used Hylleraas1 method to compute energy curves for a large 
number of excited states, this work containing the only accurate results 
7 
for the 3dô and 4fn states. g . u 
The BWK method was applied to the separated ordinary differential 
equations by Chao (23), Willstatter (119), van Engers and Kramers (115), 
and Hellmig (54), Hellmig concerning himself with a large number of 
excited states. 
Stationary perturbation theory has been used with only modest success 
by Unsold (113), Horse and Stuckelberg (83), Lennard-Jones (73), 
Gilbert (49), Belikov and Finkelstein (5), and Matsen (79). Descriptions 
of the molecule are good at very small or very large nuclear separations, 
depending on the starting point of the perturbation theory, but in the 
interesting intermediate region, the results are quite unsatisfactory. 
Robinson (94) points out that a degeneracy in the separated atom states 
introduces a special difficulty in this homonuclear problem. 
The variational method is the most frequently applied method in 
atomic and molecular theory. One of its attractions is that the energy 
expectation value computed from the variational theorem always lies above 
the true energy, and as the variational function is improved, the true 
energy is approached from above. In its application, a trial wave 
function, which may contain several adjustable parameters, is constructed. 
These parameters are then determined by the variation minimum energy 
principle. More will be said about this method in the next section. 
C. Theoretical Investigations: Variational Approach 
With only a few exceptions (21, 31, 32, 57, 72, 82, 101, 109), the 
following methods have been used for constructing the single electron 
orbital of the hydrogen molecule-ion: 
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1. The method of one-center variational functions; 
2. The method of expansion in prolate spheroidal coordinates; 
3. The method of superposition of atomic orbitals (LCAO). 
For the one-center expansion all basic functions are chosen with 
respect to a single origin. In the case of Hg-1-, the origin is chosen to 
be the midpoint between the two nuclei; but for different diatomic mole­
cules, other origins may be more convenient (45). The advantage in using 
such variational functions lies in the fact that difficult, many-center 
integrals do not appear in the calculation; however, the disadvantage of 
slow convergence of the expansions for has been noted (43, 60). 
The second of the methods employs expansions in the coordinates which 
separate the Schrodinger equation for this problem. Such expansions are 
found to give good results with a minimum of complexity in the variational 
function. This is perhaps because the coordinate system introduces, in a 
natural way, the necessary singularities at the two nuclei. 
In the atomic orbital method, the basic functions are expanded about 
each of the nuclei. Such expansions are not only intuitively reasonable, 
but mathematically as well, for they introduce into the variational 
function the singularities at the nuclear positions required by the 
Schrodinger equation. Although atomic- orbital expansions exhibit more 
rapid convergence than one-center expansions, the atomic orbital method 
is computationally more difficult because of the two-center integrals 
introduced. Previous results from the application of the variational 
method to the lowest 2£g state and the lowest 211^ state of Hg+ are given 
in Tables 2 and 3 respectively. Also included are some results from 
the present investigation. 
Table 2. Applications of the variational method to the lowest 2Eg state of Eg"1" . 
Description of variational Nuclear 
function -Energy separation Author Reference 
One-center expansions 
ls(0+ns(0+nd(C') STO* 0.57476 
ns(Q+d-like (Ç) with adjustable 0.575762 
azimuthal quantum number 
ls+2s+3d+5g H0a 0.5825 
6 s-, 5 d-, and 4 g-type LTO* 0.59563 
with 3 adjustable Ç ' s 
2 s-, 2 d-, 2 g-, and 2 i-type 0.59770 
STOa with adjustable principle 
quantum numbers and one 
adjustable Q 
2.0 Huzinaga(1956) 
2.0 Ludwig and Parr(1961) 
2.0 Caspar(1957) 
2.0 Howell and Shull(1959) 
2.0 Houser, Lykos and Mehler(1963) 
Prolate spheroidal coordinate expansions 
e"°^(l+cTf ) 
e'^cosh (371 




2 . 0  
2 . 0  
2 . 0  
James(1935) 
Guillemin and Zener(1929) 









^The following abbreviations have been used: STO = Slater type orbitals 
HO = Hydrogen-like orbitals 
LT0 = Laguerre type orbitals. 
^This energy was recomputed by Geller and Ludwig (48). 
Table 2 (Continued). 
Description of variational Nuclear 
function -Energy separation Author Reference 
(boe'^+bje ^  (l+c§) ] } {ao+a2 if } 0. 60249 2.0 D'Hooghe and Rahman(1957) 34 
Çne"aÇ(l+bTf) 0. 602565 2.0 Geller and Ludwig(1962) 48 
Two-•center expansions 
Is (Ç =1.0) 0. 5648 2.5 Pauling(1928) 87 
ls+2s+2p+3s+3p+4s+4p R0a 0. 5743 2.368 Gray, Pritchard and Sumner(1956) 50 
ls(C) 0. 586506e 2.0 Finkelstein and Horowitz(1928) 40 
ns(Ç) STOa 0. 588085 1.987 Ludwig and Parr(1962) 77 
Is (Ç ,x). atomic orbitals shifted 
from nuclear positions 
0. 59416 1.985 Shull and Ebbing(1958) 101 
ls(Ç)+2p(C/) 0. ,600362d 2.0 Dickinson(1933) 35 
ls(C)+2p(C)+3p(C) STOa 0. 6005 2.0 Geller and Frost(1962) 47 
ls(C)+2P(C)+3d(C) 0. ,60183 2.0 Miller and Lykos(1961) 80, ; 
ls(C)+2s(C/)+2p(C") STOa 0. ,602167 2.0 This work 
CThis energy was recomputed by Ludwig and Parr (77). 
^The minimum for this basis set was redetermined in this work. The minimum claimed by Dickinson 
was at Ç=1.247, £'=1.434, Cyp=0.145, with energy, -0.60032 H. The minimum computed in the present 
calculation is at £=1.2459, £'=1.4818, <^=0.13802. 
Table 2 (Continued). 
Description of variational Nuclear 
function -Energy separation Author Reference 
Is(Ç)+2s(Ç Z)+2P(Ç")+3d(ÇSTO* 0.602547 2.0 This work 
Is(£ )+2s(Ç)+2p(Ç)+3s(Ç)+3p(£) 0.602607 2.0 Pritchard and Sumner(1961) 89 
+3d (C)44s (c )+4P (C)+4d (C ) 
+4f(O LTOa 
Is(Ç) +2s(£ ') +2p(C")+3d(C"') 0.602615 2.0 This work 
44f(C* )+5g(C5 ) STOa 
Miscellaneous variational functions 
e-
Qr<ra+rb)+c{e-Sra+e-prbj 0.602445 2.0 Dalgamo and Foots(1954) 32 
1s^ (0+1sm(£)~'"1sb(C) 0.5969 2.0 Streetman and Matsen(1954) 109 
M=internuclear midpoint 
Exact calculation 0.60262 2.0 Bates, Ledsham and Stewart(1953) 4 
Table 3. Two-center expansions. Summary of results for lowest 311^ state of the hydrogen molecule-ion. 
Description of variational Nuclear 
function -Energy separation Author Reference 
2pn(Ç) 0.1269 8.0 Schafer(1954) 97, 80 
2pn+3prr HO* 0.127 8.0 Dooling(1953) 37 
2prr (Ç ) +3drr (Ç ) +4frr (£ ) 0.13404 8.0 Miller and Lykos(1961) 81 
2prr (Ç ) +3pn (Ç ' ) +3drr (C " ) +4fn (£ '") 
STO* 
0.134377 8.0 This work 
Exact calculation 0.13451 8.0 Bates, Ledsham and Stewart(1953) 4 
*The following abbreviations have been used: HO = hydrogen-like orbitals 
STO = Slater type orbitals 
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D. Comparison of Theory and Experiment 
Among all the states that have been theoretically calculated, only 
four were found to be stable against dissociation. A fifth stable state 
is established in the present investigation. These states, and their 
theoretically calculated properties, are given in Table 4. 

















M4g 18.6f 0.00057° 0.00026° 
^Results for this state were calculated by Johnson 
(68) .  
^Calculated by Bates, Ledsham and Stewart (4). 
°Result from this work. 
^Calculated by Steensholt (108). 
The theoretically calculated ground state equilibrium nuclear sepa­
ration and vibrational constant are in excellent agreement with the 
experimental values of Table 1. In order to compare the theoretical 
dissociation energy with experiment, the total energy calculated by 
Johnson, -0.602634 H, must be corrected for nuclear motion and zero point 
energy. Johnson found, for these values, 0.000275 H and 0.00513 H 
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respectively. Thus, one obtains, for Hg+, a dissociation energy of 
0.097502 H and a total energy of -0.59723 H, where the hydrogen atom 
energy is taken to be -0.499728 H. Again, agreement with experiment is 
excellent. 
The absence of a discrete spectrum for is not surprising. Only 
transitions between states exhibiting binding, i.e. those listed in 
Table 2, can contribute to a discrete spectrum. But the transitions 
lscjg-»3clOg and 2pn^—4fn^ are optically forbidden. Moreover, the permitted 
transitions are doubtful because of the large differences between equi­
librium nuclear separations, the small binding energies, and the flat 
energy curves of the states involved. Thus, no discrete spectrum is to be 
expected for . The remaining known states are repulsive, and tran­
sitions from the ground state to these repulsive states could certainly 
account for the continuous spectra observed by Brasefield (16). 
With regard to excited states, no experimental observations exist 
thus far. 
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II. MINIMIZATION PROCEDURE 
A. Introduction 
A widely used method for obtaining approximate solutions to the 
time independent Schrodinger equation is based on the variation principle. 
The form in which it is usually applied, developed by J. W. Strutt 
(Rayleigh) (110) and generalized by Ritz (93), consists of choosing a trial 
wave function with the form 
(c,x) = Z Ck <j>k(X) , (II. 1) 
k 
where are some conveniently selected functions, and the Ck are 
determined such that the integral 
E = /dV o;-2) 
is a minimum under the auxiliary condition 
J d V V ^ l .  (II-3) 
In Eq. II.2, Uf is the Hamilton!an operator. Moreover, it can be 
simply shown that the minimum value of this integral, under side condition 
II.3, is an upper bound to the lowest eigenvalue of the Hamiltonian 
operator (78). 
There is ample evidence to show that if one or more nonlinear 
parameters are introduced into the trial function ^  , the value of 
integral II.2 can be further lowered (35, 69, 76, 77), resulting in a 
better approximate wave function in the least square sense (39). However, 
the introduction of more than one or two nonlinear parameters renders the 
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performance of the minimization quite difficult. Whereas, in the case of 
a linear trial function the minimization leads to the well-known, and 
solvable, secular equations (78) , a nonlinear trial function results in a 
set of coupled, nonlinear equations which are generally quite difficult 
to solve. Foregoing attempts to obtain formal solutions to the coupled, 
nonlinear equations, one resorts to numerical procedures which are well 
suited for modern, high-speed, electronic, digital computers. 
Such methods fall into two general classes : methods that determine a 
direction in parameter space that will lead to the minimum and methods 
that systematically scan the surface in parameter space in search of the 
minimum. The former are called gradient methods and include the method of 
steepest descent and Newton's method (107); while the latter are called 
direct search methods, an example of which is the "pattern search" of 
Hooke and Jeeves (56). 
Steepest descent iterations have the form 
Pi, Ps, ••• Pn are n parameters, and h% are weighting factors. Although 
this method has been successfully used in molecular calculations (59, 69), 
it is known to have an unpredictable rate of convergence. Its usefulness 
lies in the fact that it requires the calculation of first derivatives 
only, which can usually be approximated by finite differences. 
Newton's method has the iteration scheme 
th Q£r(3Q(p)/dpk) £ Here Q(p) is the function to be minimized 
p k -  P k  *  h k 5  A V  Q j  >  (II.5) 
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where A k j = ( à Q(p)/dpj) . Convergence to a minimum can be 
guaranteed only if the matrix A is positive definite. But A will not, 
in general, remain positive definite throughout the iteration process. 
Thus, the method is useful only in the region of a minimum or on surfaces 
which are known to be convex. This method also requires explicit second 
derivatives which are frequently inconvenient to obtain. The rate of con­
vergence of this method is good, especially near the minimum (30). 
When first or second derivatives are difficult to evaluate, one must 
resort to a technique in which finite differences are acceptable or to a 
direct search technique. 
In the special case of least mean square calculations (i.e.V^ = 1 in 
Eq. II.2, and without side conditions of the type II.3), a compromise 
method has recently been adapted for high speed computers by Hartley (52). 
It is particularly attractive since it seems to combine the good features 
and avoid the bad of both the steepest descent and Newton's methods: (i) 
second derivatives are not required, (ii) convergence to a minimum is 
guaranteed, (iii) speed of convergence appears comparable to that in the 
Newton method. 
In the following, the principle of this compromise method is used to 
establish a procedure for treating the more general variation problem of 
Eqs. II.2 and II.3. First, it will be shown that the approach is appli­
cable to the unconstrained minimization of the integral form 
Q(p)= fd* u(p,x) £(x) u(p,x) en.6) 
where px, P2 ••• Pn are n parameters, and <C is an Hermitian operator 
which is positive definite. This result is then extended to the case that 
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«C is merely bounded from below. Finally, allowance is made for certain 
side conditions. 
B. Minimization of the Hermitian, Positive Definite 
Quadratic Integral Form 
Consider the integral form II.6, where is a positive definite 
Hermitian operator, and u(p,x) is a real function that depends upon the 
coordinates x and the parameters p. Expanding Q(p) to second order 
about some initial parameters, ï?3 , one obtains 
Q ( p > =  Q & t )  Q ° D ^ i  2  Q t j  DlDJ 
i>t Sls' ' 
(II.7) 
where 
Q° = (àQ(p)/dpt)p. = 2Jdx Ux.) WcZ) (n.s) 
and 
Qij c Cd Q,(p)/(0pi ^ Pj)po = c11*9) 
2 [ /dx u-Cx) cC (x) a*(x) + Jdx uLj (x) Jlix) u°(x)], 
with 
ue(x) = u(p°,yJ , (n-io) 
(x) = ( du(p,x)/dpL)~e , (11.11) 
utj(X)= (d2u(p,x)/dpi Bpj)p> (ii.i2) 
and 
Di.= pi-p° . (11.13) 
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Proceeding as usual, taking derivatives with respect to each parameter, 
p^, and setting the resulting expressions equal to zero, one obtains 
Newton's equations 
2 <^°k Dk = -Qt UU2,...n <"-u> 
W=t 
If, however, one ignores the second term on the right hand side of 
Eq. II.9, the term containing the second derivatives, u°. ., one finds, 
instead of Eq. 11.14, 
2  L i u  D t  =  ~ î  Q ;  t  =  n  ( 1 1 . 1 5 )  
k*l 
where 
L°ik = fdx ufCx) <L (x) uj Cx) (U.16) 
and is assumed to be a nonsingular matrix. 
Now, consider Q(p) as a function of the variable h (0 ^  h £ 1) by 
putting 
p k = pI D k  <n.i7) 
Using Eq. 11.15, one readily finds that 
(dQ/clW\ = 2 QL DI k = o I-, *• 
n o 
= -2Z L;u Di Pk (11.18) 
L,kr. tk 
£ 0 
The inequality follows, since is a positive definite matrix, which 
is a consequence of <£/ being a positive definite operator. 
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Thus, in some suitably restricted region about h = 0, Q(h) decreases 
as h increases. Therefore, iterations based on the following sequence of 
steps constitute a convergent scheme for the minimization of the integral 
form Q(p) of Eq. II.6: 
1. Choose an initial set of parameters, p^°, P2°, ... Pn°; 
2. Solve the linear equations, 11.15, for the D^; 
3. Determine that h which renders Q(p° + hD) a minimum in the 
interval 0 £ h £ 1; 
4. Using this value of h, compute the new parameter values and 
return to step 2. 
In the case , the identity operator, the method is identical 
with Hartley's minimization of the mean square deviation. 
C. Minimization where <C Is only Bounded from Below 
If the operator X is not positive definite, the inequality 11.18 may 
not hold; hence, convergence is not assured. However, if the eigenvalues 
of £ are bounded from below, the operator can be made positive definite by 
adding to it a constant, Kg, whose value is greater than the operator's 
lowest eigenvalue. The constant does not alter the approximation to the 
eigenfunction but only changes the value of the minimum by the added 
constant. Application of the procedure, described under B, to the 
operator (<£ + ) will, therefore, solve the problem. 
D. Constrained Minimization by Elimination 
In many instances the expression to be minimized is constrained by 
one or more auxiliary conditions. Under these circumstances it is 
customary to introduce Lagrangian multipliers which further complicate the 
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minimization problem. If, however, the equations of constraint can be 
combined with thi expression to be minimized, the arguments of the previ­
ous sections are still applicable. 
The two most frequently encountered constraints in atomic and 
molecular calculations are normalization, i.e., 
J  dx tp (p,x) (p,x) = 1  (11.19) 
and orthogonality, i.e., 
J dx tF(p,x) Tf'(p',x) = 0 (11.19') 
where, in the second expression, and Y are different eigenfunctions of 
the operator . If the trial functions are chosen to have the form 
f = Z ak <j>k (p,x) , ai.20) 
then the constraints of 11.19 take the respective forms 
2 CLj ak J4>j(p,x ) 4>k<p,x) dx = \ ai.21) 
2 CLj C^k | 4>j (p,x) ^(p'.x) dx =0 (11.22) 
The condition of normalization is readily incorporated into 11.20 by 
multiplying that expression with the normalizing factor 
jf (a,p) = [ f { ^  a.j 4>j(p,x)} dxj 1 ai.23) 
4/ •*/ ^(p,x) constitute a known approximation to a 
lower eigenfunction, and it is a simple matter to solve the resulting 
linear equations for certain of the and substitute these expressions 
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into 11.20. Providing that there are a sufficient number of CU, any 
number of orthogonality auxiliary conditions can thus be included. After 
substitution, the integral contains only independent variables ; and hence, 
the previously described method can be used. 
E. Case of the Linear Variational Function 
A special case arises if the variational function ^1* , in Eq. II.2, 
contains only.linear parameters. In this situation the iterative method 
can serve as a reliable alternative to the usual method of secular determi­
nants in the determination of the ground state energy and eigenfunction. 
This method may be particularly advantageous if a nonorthogonal basis set 
is used to construct the variational function, for then one can avoid the 
necessary orthogonalization of the basis set prior to diagonalization. In 
this special case, the usefulness of this iteration method is enhanced by 
an especially rapid rate of convergence. 
Incorporating the normalization into the variational function, one 
has 




-  à,  ai aj 
By performing the differentiations called for in Eq. 11.15, one obtains 
L°„ =xi"'2p Bip Bkq JcTx 4>p<C4>c, <II  24> 
J d x  4 > ;  < l > j  
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and 





- 0 . v =  SI2 aw Jdx 4>w , (11.27) 
these expressions becoming the basis of the iteration procedure described 
in Section B. 
Efficient use of the iterative method presented here depends, to a 
great extent, on the determination of the proper value of h (0 £ h £ 1) in 
each cycle. The optimum value of h is not the same for each iteration, 
and it must be redetermined each time. A fixed value for h will not 
usually lead to most rapid convergence. The method for determining h 
proposed by Hartley (52) consists of drawing a parabola through Q(0), 
Q(£), and Q(l) and locating its minimum. This method is not entirely 
satisfactory, for it does not always lead to a parabola with a minimum. 
The use of a point that samples more fully the downward tendency of Q(h), 
say Q(O.l) in-place of Q(g), has proven to be more dependable. 
Occasionally the value of h for which Q(h) is a minimum lies 
between 0 and 0.1. When this is the case, the quadratic approximation 
described above will usually not indicate a minimum. If, however, Q(0.01) 
F. Some Numerical Difficulties 
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is found to be less than Q(0), a parabola should then be drawn through 
Q(0), Q(0.01), and Q(0.1), and this minimum located. This problem might 
be circumvented by evaluating (dQ/dh)^_Q and using this value in de­
termining the parabola. 
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III. DEVIATIONS FROM THE VIRIAL RELATIONSHIP 
IN MANY-CENTER VARIATIONAL FUNCTIONS 
A. Introduction 
In unconstrained atomic and molecular systems, the quantum mechanical 
average values of the kinetic and potential energy are related, according 
to the virial theorem, by 
2 1 + V = 0 (iii.i) 
and if, in a molecular system, the nuclei are constrained to fixed 
positions, only electronic motion being considered, then the virial 
theorem assumes the form (103) 
2 T 4-V + fèE/2>XjVO (111.2) 
where the are the 3N nuclear coordinates. 
Usually, exact quantum mechanical solutions for these systems cannot 
be obtained, and one must be satisfied with approximate solutions. For 
such solutions, Eqs. III.I and III.2 do not, in general, hold. But they 
do remain valid if the energy expectation value of an approximate wave 
function is minimized with respect to variations of a scaling parameter, 
as has been shown by Fock (41) and by Coulson and Bell (29). 
Equation III.2 is particularly useful in the theoretical determination 
of equilibrium nuclear separations in diatomic molecules. This is because 
of the following considerations. In the neighborhood of equilibrium, the 
total molecular energy does not appreciably change with the intemuclear 
distance, R, and hence, the criterion of minimum energy is not very 
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effective for determining the equilibrium configuration. The derivative 
(dE/dR) is, in this region, considerably more sensitive to changes of R, 
and its zero locates the equilibrium, position. Whereas it is quite 
difficult to determine (dE/dR) by direct calculation, it can be obtained, 
relatively simply, from Eq. III.2. Thus, this equation facilitates the 
accurate determination of diatomic equilibrium nuclear separations from 
either exact or approximate wave functions. 
However, as mentioned above, Eq. III.2 is valid for an approximate 
wave function only if the function is exactly scaled; but this is not 
always the case. For example, if a variational function contains several 
nonlinear parameters, such as orbital exponents, minimization of the 
energy with respect to variations of these parameters generally leads to 
values which are only in the neighborhood of the true minimum. Although 
the resulting energy may differ only slightly from the exact minimum value, 
the virial relationships will not necessarily be satisfied to a similar 
degree; for, while AE is ~ (Apr)2 > AT and AV are ~ A<* (.01 = parameters) . 
Also, in dealing with mutually orthogonal functions of the same symmetry 
type, it is not possible to simultaneously scale all the functions properly 
and still maintain orthogonality (74). 
In such cases there exists, then, a deviation from the virial 
relationship, A, which is defined by 
A(ch = 2 T*v+2. X. <dE/dX-,) , an.3) 
j j j 
(OC, , 0C2,... OCA are the variation parameters), and Eq. III.2 can no longer 
be used to find (dE/dR). If, however, this deviation could be calculated, 
then one would be able to use Eq. III.3, instead of Eq. III.2, for 
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finding (dE/dR). 
In the following, a relatively simple expression is given for this 
purpose. It is applicable in those cases where each of the a is associ­
ated with an explicit appearance of an electron coordinate or a suitable 
product of electron coordinates. The deviation can be expressed in terms 
of such parameters only. 
B. Premise 
Let 
rx, r2 ,...re,...r^ be the position vectors of the N electrons, 
R^ , be K arbitrary fixed vectors, 
Œ1 , or2 ,.. .ora,.. .df^ be A arbitrary fixed scalars. 
Then, consider the following type of wave function: 
3 ?  ( 5  > • • •  r N  j  ° ^ i i ° ^ a ^  
= § (u,, uz,... UA ) , (III.4) 
where the u^ are expressions of the type 
uj = <*,(r, - Rj,)"j' tra-- (rN-RjNfjN - (m-5> 
Here 
a. is any of the parameters 01 , 
J a 
5. , 5. ,...1. are any N of the parameters it , 
ji ja jn 
n. , n. ,...n. are any N arbitrary real vectors, which may 
Ji J2 JN 
have positive, negative, or zero components; 
furthermore, by definition 
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( r - R k ) " j =  ( x - X k ) X j ( y - Y k ) H j ( z - Z k ) V j '  | r - Q . J ^  a " • « )  
with 
nj = {\j,mj.vj, ctj) . 
An example of such a variational function is a Slater determinant in 
which each molecular orbital has the form 
4>(r) = S ckXk[(r-Bk)] <ra-7' 
k 
with (r-R^)] being a Slater orbital with origin given by position 
vector One has then 
c k X k [ ( r - R k ) ] ~ c k { ( x - X k ) X "  ( y - Y k ) M k ( z - Z k ) v " j < ™ ' 8 >  





is the expectation value of the wave function of Eq. III.4, calculated 
from the nonrelativistic molecular Hamiltonian for electronic motion, with 
fixed nuclear positions, then the relation 
2T+V*ZXc(àE/aXi)= 2 M.(2>E/a<*j)-.-2 N/iE/aPL- O"1") 
v j ' j ' 
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holds, where 
m, = {tjotj + ^ xi (àctj/dxv)} (III.11) 
and 
Nj = { Pj - 2 XL ( dPj/dX; ) } "H. 12) 
with 
V f  ( X i e ^ j e + V j e  - < r j e )  .  m 
In Eq. III.10, are the coordinates of the nuclei and P^ are the 
coordinates of those which do not coincide with nuclear positions. 
The proof of this equation depends essentially on the fact that the 
variational function III.4 satisfies the identity 
$tf?>ir2vrn5 t*'<*,,t^o^-.t^oea) 
— $ C "t t*(  9  ir V*2 )  • • •  ^ ?  Ri ) ^2 > •• 9 • (III. 14) 
It follows from this identity, by a change of the variables of integration, 
that 
t(t*aoea,t-,rj = t2' t(oc&,rk) (m.i5) 
V ( t * * o c A , t " R k ) « t r  V ( < * . » . ,  R k )  ,  
where kinetic and potential energy are defined by 
T U .  , R J =  n " <  § ( f Â < ) | % l ë ( Ô R ; % c ) >  p i i . 1 7 )  
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V(o£a , Rk) = -fl~ l<<5(?>R;oc)|'U'l$(f jRjoc)) (m. 18) 
with ^  and Xl' the kinetic energy and potential energy operators, 
respectively, and K. The following generalization 
of Euler's relation for homogeneous functions (15) will be applied to 
Eqs. III.15 and III.16: If, for all t > 0, 
F (tk| x, -bkz y, tka z ) = tk Rx,y, z) , 
where k%, kg, k3, and k are independent exponents, then 
k, y ( àF/^x) + k2 y ( 3F/<)y) + k3z ( hF/àz) = k F . 
Consequently one obtains 
zyjotj (àT/»*j)5f5 - 5yt(àT/àXt)^ 
J 
and 
5Pj(dT/dFj)^- - 2T (HI.is) 
?.Xi (dv/dccj). . - ? xL(dv/aXi)->? 
- Z P, UV/dPj); - =V , (ii,z.) 
which may be combined to yield 
2 T  +  V  +  Z X ,  ( à E / d X ; ) -  5  =  
z xocj (è&/dooj)-£ . (iii.21) 
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But, since 
(àE/ax.) = OE/dX.L- +ZOE/MX- +I(b£m (iP/iXl 
*>p j j x,p j t j j * 
the sum 
?2 X; {(àE/a^j)-? (à*;/jXL) + (ÏE/aPj); - (3P|/aX;)} 
must be added to both sides of Eq. III.21, giving, finally, the result 
iii.10. 
Eq. III.10 reduces to 
2 T  +  V + Z X : ( à E / ^ X l ) =  2  M ;  O E / a * , )  
i ' j J J 
if any of the following conditions on the variational function are 
fulfilled: 
1. If it is expanded about one center, taken as the origin, which 
does not coincide with a nuclear position; 
2. If it is expanded about any or all of the nuclear positions only; 
3. If it is expanded about a non-nuclear center, taken as the origin, 
and in addition is expanded about any or all of the nuclei; 
4. If, in addition to nuclear centers, it is expanded about non-
nuclear centers, P, , such that 2 N, (bE/bP ) = 0, with 2("dE/dP )2 4 0; 
k k 
5. If the non-nuclear positions are optimally chosen such that 
%E/5P^, = 0 for all P (61). 
If, furthermore, the parameters o& are determined such that (dE/3oc) = 0 
for all , then Eq. III.22 becomes, of course, identical to Eq. III.2. 
It may be noted from Eq. III.22 that there are two conditions, 
different from optimum scaling, that lead to approximate wave functions 
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for which the virial relations III.l and III.2 are valid. One of these 
is the condition that the vector {mi, Mg,...M^} be chosen perpendicular to 
the vector { E/dct x , "5 ,... > and the other is that each 
of the scale factors, oC ^ , be chosen to satisfy the equation 
2 X. OoCj /axj= -ïj . (III. 23) 
For diatomic molecules this condition assumes the form, oC. = KR J. 
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IV. CALCULATIONS AND RESULTS 
A. Calculations 
The nonrelativistic, fixed-nucleus Hamiltonian for the hydrogen 
molecule-ion is 
3f = V1 - r»~l -rb"' + R~' , (iv-
with r& = |r - Sa|, rfe = |r - ^ |, and R = |K, - ^ |, and where 
r is the vector from some arbitrary origin to the electron; 
Ra is a vector to the nucleus, a; 
is a vector to the nucleus, b. 
The geometry of the problem is illustrated in Figure 1. 
Electron 
Nucleus A M: 4» Nucleus B 
Figure 1. The geometry of the hydrogen molecule-ion. 
Variational functions of the following form are constructed: 
V ( i w , r w c , ç )  =  r v i  2  c k ^ a , r t o ,  Ç k )  ,  < " •  k=l 
where 
^ = | | , ^ c k  < y y i w >  
= ^k > 
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and the C's are coefficients to be determined. The $ are Slater type 
functions defined by 
( 2 Ç f  * * r * " 1  e ~ ç r V ^ ( $ , 9 )  < I V - 3 >  
where m (Q-,<p) are normalized complex spherical harmonics and *7 are 
parameters called orbital exponents, which are also to be determined. 
The iterative procedure described in the previous section is used to 
determine the linear parameters, C, and the nonlinear parameters, if . 
Appendix A contains the formulae that arise from the application of this 
method to variational functions constructed with atomic orbitals of the 
Slater type. The calculation was programmed in Fortran and performed on 
the IBM 7090-94 electronic computer at the Johns Hopkins University 
Applied Physics Laboratory. 
As with all iterative procedures, an initial estimate of the 
parameters is required as input to the program. The choice of these 
parameters is, in the present calculation, not a critical matter, for the 
calculation is found to converge to a minimum for any choice of parameters. 
A judicious choice, however, reduces the number of iterations required and 
prods convergence to a minimum that is accompanied by sensible parameters 
and a reasonable value of the energy. The selection of initial parameters 
is aided by the availability of results from previous calculations 
(47, 80). 
Each iteration is, operationally, divided into two parts. In the 
first part, the optimum coefficients are determined for a fixed set of 
orbital exponents. This is done in a series of subiterations starting 
with the previous coefficient values. These subiterations take the place 
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of a secular equation solver and are, in fact, more convenient here because 
of the nonorthogonality of the basis functions. Thus, in this first part, 
the procedure of Chapter II has been restricted to linear variations only. 
The second part consists of a single iteration in which coefficients and 
orbital exponents are simultaneously varied. Having obtained new param­
eters, control is then returned to the first part to redetermine optimum 
coefficients for the newly found orbital exponents. The calculation is 
halted when, in the sixth figure, no substantial energy lowering is noted. 
The values of all required integrals are found by two-dimensional 
Gaussian quadrature methods. Integrations over the interval (-1,1) are 
performed by Gauss-Legendre quadrature (46), and integrations over the 
interval (1,«) by Gauss-Laguerre quadrature (90), both quadratures being 
of order twenty. Although performing the integrations in this manner 
consumes considerable time, it has the advantage of providing a uniform 
procedure for obtaining all integrals between the atomic orbitals for 
arbitrary integral values of the quantum numbers. Errors in the integrals 
usually do not exceed 2xl0~7 , but somewhat greater errors may occasionally 
occur. 
Convergence in the case of linear minimization is quite rapid, 
requiring only three or four iterations. In the case of simultaneous 
linear and nonlinear variation, convergence is somewhat slower, requiring, 
on the average, five iterations. These rates of convergence seem not to 
be strongly affected by the number of parameters involved. Tables 5 and 6 
illustrate the progress toward a minimum in two cases. The normalization 
condition permits the coefficient of the Isa function to be fixed at 1.0. 
The initial parameters are given in the zeroth iteration. 
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Table 5. Illustration of the rate of convergence in a series of iter­
ations. The variational function contains one linear parameter 
and two nonlinear parameters. The basis is composed of lscr and 





























Energy -0.5998 -0.60034 -0.600362 -0.600362 
^The starting point for the iterations was the minimum found by 
Dickinson (35) for equal orbital exponents. 
Table 6. Illustration of the rate of convergence in a series of iter­
ations. The variational function contains two linear and 
three nonlinear parameters. The basis is composed of Isa, 2pa, 
















































Energy -0.562 -0.60162 -0.601998 -0.602014 -0.602015 
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B. Comparison of Different LCAO Wave Functions 
for Fixed Nuclear Separation 
Because the LCAO approximation is so frequently applied in molecular 
calculations, it is of interest to learn how such superpositions can be 
most efficiently constructed and to study the effectiveness of different 
orbitals and orbital combinations. Toward this end, several different 
LCAO variational functions were constructed to approximate the lowest 2Eg 
and aH states of H_+. In each case those values of the coefficients and 
u à 
orbital exponents, which minimized the energy expectation values, were 
determined. The series of calculations was performed, for the s£g state, 
at a nuclear separation of 2.0 b, and for the 2H^ state, at 3.0 b. 
Possibly the latter distance could have been more wisely taken as 8.0 b, 
the equilibrium separation for this state, but for purposes of the present 
discussion, the chosen distance is entirely adequate. 
Table 7 lists, for the 2Eg state, the various variational functions 
used, the optimum parameters, and the energy expectation values. The lines 
denoted by C display the coefficients ; the lines denoted by £ display the 
orbital exponents. Also given is a quantity A which represents a bound 
for the deviation from the virial relationship, i.e. 
- I À 1  5  2 T + V + R ( d E / d R ) i  I Â I  a v . y  
This inequality follows from the results of Chapter III, where the true 
deviation was shown to be 
A = ? {otj + ROot/aR} OE/aotj) 
= â +? r.(docj/ar.)(ae/aocj) 
Table 7. Coefficients, orbital exponents, energies, and those Â associated with various LCAO wave 
functions for the lowest 2E state of 1L+ at an intemuclear distance of 2.0 b. g ^ 





































































Table 7 (Continued). 
Isa > 2 sa 
2pa,3da 
Isa , 2sa, 2pa 
3pa, 3 da 
Isa, 2 sa, 3sa 
2pa ,3da ,4fa 























































5ga c G 
0.002313 
1.98059 
-Energy 0.602547 0.602574 0.602607 0.602615 0.60262 
Â -1.108x10-4 3.0x10-3 1.0x10-4 -7.723X10-4 
^Exact calculation by Bates, Ledsham, and Stewart (4). 
40 
Since for most sensible approximations one has (BoC./^R) 0 < 0 and 
J R—2 
(dofj /"à R)^_2 < (û^j/R), the inequality IV.4 holds for wave functions of 
interest. From the kinetic and total energies and Â, it is possible to 
estimate a bound on dE/dR. 
Table 8 contains the optimum parameters and energy values for the 2II^ 
state. 
It is, by now, well established that the Isa orbital offers the best 
single orbital approximation to the Hg+ ground state wave function; and, 
as was suspected by Dickinson (35), the most effective two orbital approxi­
mation is composed of the lscr and 2pcr orbitals. But the specific choice 
of third and subsequent orbitals for obtaining maximum additional energy 
lowering has not been made clear. Miller and Lykos (81) conjectured that 
additional distortion of the charge cloud in the direction of the bond is 
of prime importance, and they suggested the use of a 3da orbital. However, 
this does not seem to be the case; for Table 7 shows that, whereas 
augmenting the basis with a 3dcr orbital results in an energy of 
-0.602015 H, adding a 2s<j orbital yields the still lower energy of 
-0.602167 H. It appears, then, that for the development of a good 
expansion, an accurate description of the "fundamental" s-part is, at this 
point, of slightly greater importance than additional angular deformation 
in the bond direction. 
Further improvement, in the most efficient manner, is obtained from 
the 3da, 4fa, and 5gcr orbitals, in that order; and the most effective 
six orbital expansion leads to an energy of -0.602615 H, surpassing the 
result of -0.602607 H, obtained by Pritchard and Sumner (89) from a ten 
orbital expansion in terms of a complete Laguerre set with one scaling 
Table 8. Coefficients, orbital exponents, and energies associated with various LCAO wave functions 
for the lowest sn 
u 
state of Hg+ at an intemuclear distance of 3.0 b. 
2prr, 3dn 2prr, 3drr,4fn 2pn, 3prr, 3drr 
















































Energy -0.052342 -0.052784 -0.053036 -0.053100 -0.053100 -0.05311 
*Exact calculation by Bates, Ledsham, and Stewart (4). 
42 
parameter. The exact result (4) is -0.60262 H. 
The possibility of obtaining a good ground state representation with 
spherically symmetric atomic functions only has been investigated. The 
superpositions considered were constructed from orbitals with successively 
higher "quantum" numbers. For such wave functions, it appears that a two-
center limit is rapidly approached and can be estimated as -0.591 H. It 
is also found that these functions are rather insensitive to the values 
of orbital exponents, making it somewhat difficult to perform the 
minimizations. It is possible, however, that more than one of each kind 
of function, particularly ls<j orbitals with different orbital exponents, 
can produce a still lower energy. 
Although fewer orbital combinations have been investigated in 
approximating the lowest 2Hu state, the results are quite analogous to the 
ground state case. The importance of a correct description of the 
"fundamental" p-state is made evident by the fact that the wave function 
constructed from {2prr, 3prr, 3dn} orbitals yields a lower energy than the 
{2prr, 3drr, 4frr} variational function, the energies being -0.053036 H and 
-0.052784 H, respectively. The most effective four orbital expansion 
results in an energy of -0.053100 H, virtually reproducing the exact value, 
-0.05311 H (4). 
The above results indicate that one can effectively proceed with a 
superposition of harmonics only after an accurate description of the 
"fundamental contribution" has been established. An effective admixture 
of higher harmonics to the fundamental part is, however, essential. 
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C. Variation of Selected LCAO Functions 
with Internuclear Distance 
The most efficient orbital sets, as judged from the results of 
Tables 7 and'8, were used to determine wave functions for the lowest 2£g 
and 3nu bonding states over a range of nuclear separations. Tables 9 
and 10 give the energies computed from these wave functions. The state 
was constructed from the basis {ls<j, 2sa, 2pa, 3da] and the state from 
the basis [2prr, 3prr, 3dTT, 4f-rr}. The same basis sets were used in 
computing the lowest 2£u and antibonding states. These results are 
given in Tables 11 and 12. 
The equilibrium nuclear separations, corresponding to the variational 
functions for the bonding £ and II states, were accurately determined 
according to the method introduced in Chapter III. The required partial 
derivatives, (d £/ bR) , were found, in the vicinity of equilibrium, from 
the approximation £ (R) 2: kR where k and p are constants to be 
determined. They are 1.9964 b and 7.92 b for the £ and II states, 
respectively. The zero point energies for these states, estimated from 
the dE/dR curves, are 0.00527 H and 0.00061 H. 
The supplementary s-type orbital, which was necessary for describing 
the "fundamental" s-part in the ground state wave function at equilibrium, 
is found to be redundant at internuclear separations greater then 6.0 b; 
for, beyond that distance, the energy of the variational function 
{Isa, 2sct , 2pj, 3 da} differs only slightly from that of [lscr, 2pj, 3dcr}. 
Apparently, "fundamental s-promotion" is important only for separations 
below 6.0 b. 
A wave function for the lowest aAg state was computed with a basis 
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1.5 -0.582277 3. 3b 
1.9950 -0.602548 
1.9975 -0.602548 
2.00 -0.602547 7.3 
2.50 -0.593702 11.8b 
3.0 -0.577421 13.9 
4.0 -0.545938 14.2 
5.0 -0.524305 11.5 
6.0 -0.511897 7.3 
8.0 -0.502552 1.8 
10.0 -0.500575 
00 -0.500000 
a[Energy from this work] - [exact energy (4)]. 
^Computed from electronic energy by 5 point Lagrangian interpolation. 
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2.0 0.071230 1.1 
3.0 -0.053100 1.0 
4.0 -0.100794 3.6 
6.0 -0.130239 8.9 
7.5 -0.134251 12.9 
8.0 -0.134377 13.3 
8.5 -0.134181 13.9 




a[Energy from this work] - [exact energy (4)]. 
46 










1.0 0.435188 0 
2.0 -0.167490 4.0 
3.0 -0.368059 3.1 
4.0 -0.445538 1.2 
6.0 -0.490637 1.3 
8.0 -0.498603 0.3 
10.0 -0.499899 
00 -0.500000 
a[Energy from this work] - [exact energy (4)]. 
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2.0 0.273338 3.8 
3.0 0.103652 0.2 
4.0 0.019065 1.5 
6.0 -0.060830 4.0 
8.0 -0.094381 0.9 
10.0 -0.109911 0.9 
00 
-0.125000 
a[Energy from this work] - [exact energy (4)] 
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consisting of 3dô and 4f6 Slater-type orbitals. This state had been 
considered earlier in calculations by Steensholt (108) and Matsen (79). 
Steensholt did an exact calculation but reported his results only 
graphically. Thus, a precise comparison with the present calculation is 
not possible; however, some carefully made estimates from his graphs 
indicate good agreement. Table 13 contains the energy computed at various 
nuclear separations in the present calculation and the estimates from 
Steensholt's work. Matsen used the united atom as the starting point for 
a perturbation calculation and obtained results which, as expected, became 
less accurate with increasing nuclear separation. 
The present work establishes that the lowest 3Ag is a bound state 
of Hg-1". The molecular energy is plotted against the nuclear separation 
in Figure 2 (solid curve) . There exists a very shallow minimum at a 
distance of 18.6 b. The binding energy is 0.00057 H, with a zero point 
energy of approximately 0.00014 H. This minimum has not been known 
previously, since Steensholt did not pursue his calculation beyond 13.0 b 
(for smaller separations the curve describing his results coincides with 
the solid line in Figure 2) ; and, for reasons mentioned above, one would 
not expect Matsen's calculation to indicate binding, even if it had been 
carried to larger internuclear distances. His results are indicated by the 
dashed curve in Figure 2. 
Appendices B and C contain, for the bonding and antibonding states 
respectively, the optimum parameters, kinetic and potential energies, and 
all integrals between atomic orbitals associated with these wave functions. 
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Table 13. Energy of lowest aAg state of Hg + as function of internuclear 
distance. Comparison with estimates from graphically reported 
results by Steensholt. 
Internuclear Energy Energy from 
distance this work exact calculation8 
2.0 0.287305 
3.0 0.129554 
3.8 0.06695b 0.060 
4.0 0.055750 
5.0 0.01504e 0.150 
5.6 0.00095e 0.000 
6.0 -0.009315 
8.0 -0.035104 







^Estimated by 3 point Lagrangian interpolation. 
^Estimated by 4 point Lagrangian interpolation. 
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Figure 2. Energy vs. internuclear separation for lowest sAg state of Hg+. 
Dashed curve from Matsen*s calculation, solid curve from present 
work. Equilibrium distance, 18.6 b, binding energy, .00057 H. 
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V. ANALYSIS OF THE COVALENT BOND IN Y +^ 
A. Introduction 
A detailed quantitative account of chemical binding has, until 
recently (95), been unavailable, for no formalism had been devised by 
which various contributions could be identified in and extracted from a 
rigorous molecular energy expression in such a way that binding could be 
understood as the cooperative effect of these contributions. This was in 
part due to the severe demands placed on such an analysis, for in order to 
have meaning, the quantities extracted should be related to observable 
physical phenomena or to conjectured physical pictures; they should, to a 
reasonable extent, be independent of the particular way in which the wave 
functions have been constructed; and they should display behavioral regu­
larities where such regularities are known to exist. 
With these requirements in mind, a theory of binding energy 
partitioning has been proposed by Ruedenberg (95). Embodied in this theory 
is the particular view that the basic objective of any partitioning is to 
understand molecules in terms of the atoms and bonds from which, according 
to chemical experience, they are formed. Hence, it has been suggested that 
those parts of the molecular, electron probability density that result from 
atomic contributions and those parts that result from essentially bond 
contributions be isolated from one another as completely as possible. 
The separation is carried out, basically, by dividing the total, first 
order probability density,jO(x), into a term containing "atomic" densities 
and a term containing interactions between the atomic densities. Thus one 
has the initial partitioning 
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f1 ~ & /AB 
(v. 3) 
Here, is an "atomic" density on atom A, and ^ ^(x) is the density 
CL derived from interactions between atoms A and B. The term J3 is called 
the quasi-classical density and <9*, the interference density. The sums in 
Eqs. V.2 and V.3 are taken over all atoms in the structure. 
Because of the nature of this approach, the types of wave functions 
most suitable to interpretative analysis are those that are expanded in 
terms of atomic orbitals. They translate, into rigorous terms, the as­
sumption of an atomic skeleton in each molecule. The LCAO wave functions 
obtained in the previous chapter are particularly interesting objects for 
such an analysis, because they not only give very good energies, but also 
yield, to a high degree of accuracy, the physically correct ratio of po­
tential to kinetic energy, as demanded by the virial theorem. Application 
of the formalism to these wave functions may show to what extent the par­
titioning described above fulfills the requirements for a meaningful, in­
terpretative scheme and, perhaps, provides insight into the binding process. 
In the present section, the results from the previous chapter are, there­
fore, subjected to a detailed binding energy fragmentation and analysis. 
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These results are interesting and useful for several reasons. First, 
in Hg+ one is fortunate in having a molecule with three computationally 
accessible bound states, the lowest 3£g> 2^ u> 2Ag> and two accessible 
unbound states, the lowest 2E^ and 2Hg. The wave functions corresponding 
to these states can be studied with particular attention to regularities 
and similarities in behavior among each of the two groups. Secondly, the 
progression of increasingly accurate LCAO wave functions for the ground 
state, available from Chapter IV, makes it also possible to examine the 
dependence of the partitioned energy segments upon the accuracy and compo­
sition of the LCAO functions. Finally, the hydrogen molecule-ion may be 
regarded as a prototype for covalent chemical bonding; the fact that it 
possesses but a single electron liberates the investigator from the 
complexities associated with electron correlation and serves to emphasize 
that covalent bonding is largely a one-electron effect. Because of the 
high accuracy of the present wave functions, it is to be expected that 
relevance can be attributed to conclusions drawn from their analysis. 
In any discussion of chemical binding, based on atomic orbitals, it is 
inevitable that the concept of overlap be mentioned. The present calcu­
lations confirm, indeed, some relationship between binding and overlap. 
Moreover, the overlap integral emerges as a more effective parameter than 
the internuclear distance for characterizing the cooperative binding 
effects and for emphasizing the relationship among the different states of 
Hg+. However, overlap has also long been related to electrostatic argu­
ments, by the contention that it causes a lowering of the potential energy 
due to charge accumulation in the bond region. It will be demonstrated 
here that the connection is quite different from this electrostatic 
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explanation. One finds instead, that overlap effects are related to a 
decrease in kinetic energy accompanying probability density intensification 
in the bond, an effect which is one of the main characteristics of bonding. 
All these facts notwithstanding, overlap, as a quantitative entity, 
is found to be fraught with ambiguity. Although it may be conceptually 
useful, any detailed, quantitative discussion based on it must be 
approached with great caution. 
B. The Partitioning 
In the case of the hydrogen molecule-ion, the partitioning of the 
first order probability density assumes a particularly simple form. Let 
the wave function be given by 
V ?  =  ( 2 f l ± ) ~ Z  { § A ±  ( V ' 4 )  
where and are normalized superpositions of atomic orbitals centered 
at nucleus A and B, respectively, and where 
JIT = (T£S) <V-5> 
with 
5  =  < i A l  $ 6 >  ( v . 6 )  
The upper sign corresponds to bonding states and the lower to antibonding 
states. The total density, , is partitioned into a classical density 
/ c u  =  ï U a 
and an interference density 
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f  =  î n " ± ' { $ A $ 6 - i s f $>§e2)} . 
From these densities, the following energy fragments are defined: 
p 
(i) The promotional energy of the molecule, E , which is composed of the 
(v.8) 
promotional energies from each atom, 
E P  =  / d V  $ A C T - V J i A  -  E h  ,  
where T is the kinetic energy operator, and E is the energy of a 
H 
hydrogen atom; 
(ii) The quasi-classical, electrostatic energy, E^^ 
E a C E  =  / d V L - f b l  $ A  > R A 6  ,  
where R is the distance between the two nuclei; 
(iii) The interference energy, E*, 
E 1  =  J d V  [ T f1  .  
(V. 9) 
(V.10) 
( V . l l )  
P OCE I 
It is readily verified that the fragments E , E , E add up to the total 
binding energy, 
E B =  E P + - E < a c E > E I  .  ( v . 1 2 )  
These terms characterize the following hypothesized features connected 
with the binding process. Each of the separated atoms assumes a promoted 
density which interacts coulombically with the other nuclei. The valence 
electron, in being shared, gives rise to an interference effect which is 
associated with accumulation (or diminution in the antibonding case) of 
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charge probability in the bond region. 
The promotional and quasi-classical, electrostatic energies can be 
further decomposed according to the angular properties of the terms that 
contribute to them. The LCAO expansion on each nucleus can be written 
§ = 2 à /  X ;  , (V.13) 
with 
=  z c f  ,  c v . I A )  
£ 
where the are normalized atomic orbitals with "azimuthal quantum 
£ 
number" JL , and are superposition coefficients, also 
/dV = <f, jm-
One can then write 
(V.15) 
I— P r »— P E  =  2  ( v . i 6 )  
and 
E e c B  = 2  E  ? "  ( v . i 7 )  
* * 
The actual construction of the terms in these sums is somewhat arbitrary. 
They have been chosen here to each contain zero net charge. The terms 
take, then, the particular form 
EPM= à.1 [jdV X/(A)[T-C']| -aiEH (V.18) 
and 
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E,ar^ A) = à.^x {Ras i'/dV rb"} <v.i» 
The major part of both the promotional energy and the quasi-classical, 
electrostatic energy is contributed by those %jg having j2 identical to 
that same quantum number in the free-atom "parent" orbital, e.g. J2. = 0 
for the ground state; J2. = 1 for the 2FIu state etc. The difference between 
this "fundamental" part and its form in the free atom will be referred to 
as contractive or expansive promotion. 
C. Comparison of Energy Partitioning for Different 
Approximations to the Same State 
The different ground state wave functions found in Chapter IV have 
been submitted to energy partitioning, with the aim of determining the 
degree of reliability offered by the present description of chemical 
bonding. The principal results of this fragmentation of the binding 
energy, arranged in order of increasing accuracy of the wave functions, are 
given in Table 14. 
A cursory inspection of the table fills one with apprehension, for 
although the changes in binding energy are only slight, some of the 
quantities vary markedly, and in some cases it is difficult to perceive a 
limit. These variations are parallel to, and apparently related to, the 
seemingly steady increase of the overlap integral between and (see 
Eq. V.4). With increasing overlap, the negative quasi-classical electro­
static energy increases steadily in importance while, due to an increasing 
positive potential part, the total (negative) interference energy decreases 
Table 14. Energy partitioning of several LCAO wave functions for ground state of Hg+ at R = 2.0 b. 
Is Is ,2s 
Is,2s 


















eb -.0865 - .0901 -.0905 -.1004 -.1020 
-.1021 -.1022 -.10255 -.10257 -.10261 -.10262 
s .4631 .4537 .4428 .5986 .7333 .5474 .5711 .6301 .6326 .6969 .7306 
TP 
s 
.2664 .2448 .2539 .2710 .2614 .2563 .2586 .2562 .2535 .2516 .2524 
.0112 .0093 .0103 .0104 .0103 .0102 .0104 .0094 
v* -.2380 -.2187 -.2243 -.2413 -.2328 -.2277 -.2299 -.2282 -.2262 .2247 -.2252 
.0048 .0248 .0222 .0033 .0074 .0075 .0157 .0233 
EP .0283 .0261 .0296 .0457 .0628 .0415 .0425 .0457 .0450 .0530 .0599 
PQCE 
Ess 
.0123 .0103 .0092 .0117 .0113 .0097 .0098 .0101 .0103 .0107 .0107 
FQCE 
-.0451 -.0836 -.0365 -.0414 -.0554 -.0561 .0735 -.0840 
EQCE 
.0123 .0103 .0092 -.0334 -.0724 -.0268 -.0306 -.0453 -.0458 .0628 -.0733 
T1 -.1799 -.1672 -.1664 -.1817 -.1693 -.1656 -.1705 -.1648 -.1630 .1614 -.1604 
v1 .0528 .0406 .0372 .0690 .0769 .0492 .0565 .0618 .0612 .0686 .0711 
E1 -.1270 -.1266 -.1293 -.1127 -.0925 -.1164 -.1140 -.1029 -.1017 .0928 -.0892 
Explanation of symbols : 
Eg = Binding energy 
Table 14 (Continued). 
S Overlap integral 
Tï Kinetic energy of fundamental promotion 
i 
Kinetic energy of deformative promotion 
i Potential energy of fundamental promotion 
Potential energy of deformative promotion 
ep Total energy of promotion 
pQCE 
Ess 
= Fundamental quasi-classical electrostatic energy (monopole) 
pQCE 
*44 
= Quasi-classical electrostatic energy of deformation (mainly dipole) 
eqce = Total quasi-classical electrostatic energy 
T1 = Kinetic interference energy 
v1 = Potential interference energy 
E1 Total interference energy 
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in magnitude. A point is reached where the two quantities have almost 
equal value, suggesting an equal role for quasi-classical and interference 
effects in the binding process. 
In view of these vascillations, it is the more noteworthy that some of 
the terms in Table 14 maintain a remarkable degree of stability, essen­
tially consistent with the slow, progressive improvement in the wave 
functions. These terms are : the kinetic and potential parts of funda­
mental (i.e. contractive, s-type) promotion; the fundamental part of the 
quasi-classical electrostatic interaction (representing nearly all the 
monopole repulsions); and finally, the kinetic part of the interference 
energy. Now, it will be shown in the next section that the overall energy 
lowering that results in binding is most intimately connected with the 
potential decrease, due to fundamental promotion, and the kinetic energy 
lowering, due to interference. These cornerstones of the present view of 
covalent binding are, therefore, unaffected by the ambiguities which have 
been noted above. The ambiguities are apparently limited to quantities 
which are sensitive to deformative promotion, i.e. the admixture of p, d, 
f, g orbitals. The overlap integral is such a quantity. Others are the 
deformative contributions to the potential energy of promotion, the quasi-
classical energy, and the potential interference energy. Also symptomatic 
of this difficulty is the fact that the overlap integral decreases 
moderately with increasing number of fundamental orbitals in the wave 
function, but increases strongly with the addition of higher harmonics. It 
is obvious that similar ambiguities pertain to the overlap population which 
is given by S/(1 + S). 
The simplest explanation for the equivocal nature of the several 
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quantities noted above would be that of approaching overcompleteness. It 
is, however, difficult to perceive of six, or fewer, orbitals on each 
center constituting two complete sets, so that the suggestion of over-
completeness seems somewhat hasty. It is more plausible to think that 
each of the orbitals on one center contributes noticeably to the con­
struction of the wave function about the other center, for each of the 
deforming Slater orbitals on, say, center A, can be written as a super­
position on center B; e.g. 
. „ oo tv 
rAn e'*A (A)  = 2 2  2  „  r k „  ( s , « )  Y ^ f e )  
k-o JL'W. 7-1K-JLI 
with the major contributions arising from lower harmonics. Thus, it may 
be expected, for example, that deficiencies with respect to s- or p-content 
on center B will influence the functions on center A to have significant 
density at B, resulting in an increase of overlap and, for purposes here, 
thwarting the intended separation of quasi-classical densities (see 
Section A). 
If this reasoning is correct, it may be possible to remove the ambi­
guity by first ascertaining that the s-character is very well described, 
then the p-character, etc. Investigations are currently proceeding along 
these lines. 
For the antibonding 2£u state, two different LCAO wave functions have 
been similarly.partitioned, and the results are compared in Table 15. The 
simpler of the two functions is the antibonding counterpart of the 
Finkelstein-Horowitz function (40), while the other is the nearly exact 
four-term function obtained in the last chapter. Since for antibonding 
states the atomic superpositions are not highly distorted, complications, 
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Table 15. Energy partitioning of lowest 3Eu state. Primitive function 
and accurate four-term function compared at R = 2.0 b. 
E S T? Ve EP EQCE T1 V1 E1 dE/dR 
B . s s 
Isa .3331 -.640 -.094 .100 .005 .038 .403 -.112 .290 -.321 
4™ .3325 -.592 -.071 .074 .004 .042 .372 -.085 .287 -.316 
term 
such as appear in the bonding states, are not anticipated. The surprising 
accuracy of even a primitive approximation and the relative stability of 
the overlap integral confirm this expectation. 
P QCE 
Accordingly, there is here less ambiguity. For example, E , E , and 
E* are quite similar. The kinetic and potential parts are more divergent, 
but this is probably due to comparison being drawn here between a primitive 
and a very accurate wave function. [Note: although the simple function 
tjf «= [ (Alscr) - (Blsa)] results in a reasonably good energy, it is less 
accurate in the value it gives for dE/dR, thereby revealing its approximate 
character.] There are, however, inconsistencies of a type not revealed in 
this somewhat superficial comparison. These are discussed in a later 
section. 
In conclusion, certain consistencies are observed for fragments of the 
partitioned binding energy, particularly with respect to those quantities 
essential to bonding. It appears, therefore, that an analysis of the 
variations of the partitioned terms with the internuclear distance is 
justified for some quantities, but somewhat less so for others. Even for 
these latter terms, however, it is not expected that the general character 
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of the variations with internuclear distance will be greatly affected by 
removal of ambiguities in the wave functions. 
D. Variation of Bonding States with Internuclear Distance 
In spite of the fact that the lowest 2£ , 2II , and 2A bonding states g u' g 
have quite different dissociation energies and equilibrium nuclear sepa­
rations, they behave remarkably similar, both in general and as regards the 
detailed partitioning described above. These similarities are particularly 
well exhibited if, for each state, (i) the binding energy, (E-E^), is 
expressed in units of E^, the energy of the corresponding state of the 
separated hydrogen atom; and (ii) the abscissa is chosen to be (S/S0), 
where S is the overlap integral and S0 is its value at equilibrium. 
Figure 3 shows graphs of this kind. The solid curves represent (E-E^)/E^, 
(T-T )/E , and (V-V )/E in their respective drawings. The other curves 
co 00 00 00 
represent the fragments of these quantities. It is evident that overlap is 
a useful parameter for characterizing the factors contributing to chemical 
bonding. Presumably, the previously discussed ambiguity with regard to 
overlap is partially eliminated by taking the ratio (S/S0). 
The curves of potential and kinetic energy show the already familiar 
lineament of covalent binding: the initial long range interactions result 
in a lowering of the kinetic energy and an increase in the potential 
energy. With decreasing internuclear distance, the potential energy rises 
to a maximum, descends somewhat sharply at (S/S0) near 0.4, passes through 
a minimum at approximately half the equilibrium distance, and then climbs 
to infinity due to nuclear repulsion. The kinetic energy, on the other 
hand, continues the fall begun at (S/S0) = 0 until, at (S/S0) = 0.4, it 
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passes through a minimum and then ascends to its united atom value. 
The fragments obtained by partitioning the binding energy provide 
some understanding of these unpartitioned energy curves. The behavior of 
like fragments in each of the three bonding states is indeed very similar; 
so much so that the following discussion, although phrased in terms of the 
2Eg state, is generally applicable to all three of the states. (In each of 
the graphs of Figure 3, a given fragment is characterized by the same type 
of line.) 
The initial drop in kinetic energy and increase in potential energy is 
clearly associated with the interference energy, which reflects the 
derealization of the electron from one, to two centers of force. Both 
effects increase in strength as the nuclei approach each other. At about 
(S/S0) = 0.45, the charge probability density begins to contract about each 
of the nuclei, as evidenced by the sudden emergence of fundamental pro­
motion. Clearly, this effect is closely connected with the sharp turns in 
the potential and kinetic energy curves commented upon above. Towards 
shorter internuclear distances, the negative kinetic and positive potential 
parts of the interference energy increase in magnitude, attain extrema, 
then return to zero. However, the effect of fundamental promotion domi­
nates the overall behavior well inside equilibrium. At very large 
distances, fundamental promotion is found to correspond to expansion, 
rather than contraction, thereby reinforcing the initial decrease in 
kinetic energy. 
A binding contribution of lesser magnitude comes from the quasi-
classical electrostatic interactions. This negative quantity decreases 
uniformly with decreasing internuclear distance and passes through a 
Figure 3. Binding energies and binding energy fragments for the 2£g> 2^ u> and 2Ag states of as a 
function of overlap integral. In each graph the solid line represents the quantity indi­
cated in the upper right hand corner. The meaning of the symbols used on the graphs is 
given in Table 14. The broken lines represent the fragments. (Only contractive or 
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Figure 3 (Continued). 
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minimum, curiously enough, at the equilibrium distance. Its attractive 
nature [a result contrary to that obtained for the FinkeIs tein-Horowitz 
wave function (95)] arises from dipole interactions due to polarizing 
effects described by the admixture of atomic orbitals with higher har­
monics. Because of the uncertainty surrounding terms strongly dependent 
on such harmonics, conclusions regarding the quasi-classical electrostatic 
term cannot be considered final until the previously mentioned ambiguities 
are eliminated. 
E. Overlap and Morse Curve 
Plotting energy fragments against (S/S0) in the last section empha­
sizes a similarity among the bonding states which would not be so apparent 
had internuclear distance been taken as abscissa. Another interesting 
result emerges if one considers (E/D), where D is the dissociation energy 
of the state in question, as a function of (S/S0). Not only do these 
curves show a great likeness, particularly in the region (E - E^) < 0, but 
moreover, they can be well approximated by the expression 
(E-EJ/D = [i- (S/So)*"]2- I <v.20) 
Determination of y by least mean squares from the functions obtained in 
the last chapter yields the values given in Table 16. Also listed are 
the root mean square (MS) deviations and the number of points considered 
in the least squares calculation. 
Considering the great dissimilarity in equilibrium distances and 
dissociation energies among these states, the similarity in the values of 
Y is noteworthy and suggests considering the use of one equation to 
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Table 16. Values of y as determined by least mean squares. 
% 2 n u % 
Y 1.752 1 .770 1 .822 
EMS deviation (y) 0.053 0 .037 0 .095 
EMS deviation (y) 0.054 0 .040 0 .096 
Number of points 
in calculation 
6 5  4  
describe all three Hg+ states. A single least squares calculation 
including all fifteen points yields the value 
y = 1.820 (V.21) 
The use of this same value of y for all three states is quite satisfactory, 
as evidenced by the fact that the EMS deviations are not greatly affected 
(see Table 16). 
One can thus regard Eq. V.20 as a reduced energy equation for all 
three states. In the spirit of this reduced form, one might conjecture 
that it will remain valid even if a very simple approximation is substi­
tuted for S(R), the simplest being 
S(R) ~ 6 • (V.22) 
Substitution of this function into Eq. V.20 yields the well known 
dependence 
( E - E « e ) / D  =  [ i -  e " ^ x  J Z - l  .  ( v . 2 3 )  
Thus, one has found a quantum mechanical insight into the curve originally 
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proposed by Morse (83) because it admits an exact solution of the 
vibrational Schrodinger equation. In Eq. V.23, x = R - , where RQ is 
the equilibrium internuclear distance. 
Equation V.20 shares with the Morse curve the deficiency of not 
describing the ascent of the energy to infinity for S -» 1. It appears not 
unlikely, however, that a reduced expression with the form 
can be found which includes the correct behavior for small internuclear 
distances. 
Finally, one can pursue the following somewhat reversed argument. 
The value of g is determined by the equations 
From experimental or accurate theoretical values, one can find g. Then, 
assuming the approximation of Eq. V.22, as well as y = 1.820, one obtains 
directly the following, very reasonable, equilibrium overlap values for 
the three states : 
Perhaps it will be these overlap values that will be obtained from LCAO 
wave functions that have been constructed in a more unique way. 
(E-EJ/D = [ i-(S/Sc)k]2-l +f(s) 
P 
sj = 0.53 
Sq = 0.31 
s£ = 0.08 
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F. Variations of Antibonding States with Internuclear Distance 
Here, as in the case of the bonding states, the overlap integral is 
useful for discussing the energy components of the 2Eu and sTl^ antibonding 
states. In Figure 4, the various contributions to the energy are plotted 
in units of against S as abscissa. The solid curves again represent 
(E-E )/E , (T-T )/E , and (V-V )/E , while the fragments are represented 00 00 00 00 00 00 
by the broken curves. 
The kinetic and potential energies display behaviors which are 
opposite from those in the bonding states. Here, the kinetic energy 
initially rises, attains a maximum at S = 0.61 (this value of S is the same 
for both states), and then falls to the value of the He+ ion; the potential 
energy drops, passes through a minimum at S = 0.32 (again the same value of 
S for both states), and then, due to nuclear repulsion, ascends to 
infinity. 
The results of the binding energy fragmentation indicate that the 
initial, long range behavior of kinetic and potential energy is due to 
interference effects, as was the case in the bonding states, except that 
one has, now, "destructive" interference, embodying the decrease in 
potential energy and the increase in kinetic energy associated with dimi­
nution of charge probability density between the nuclei. From the total 
energy curves, it is even more evident that the antibonding energy is, 
initially, strongly related to the interference energy. 
Beyond this, however, the picture is not entirely clear. Several 
unexpected and, thus far, unexplained inconsistencies are noted: first, 
whereas fundamental promotion in the s2u state is expansive, it is con­
tractive in the 3IIg state; secondly, the curves of kinetic and potential 
Figure 4. Antibinding energies and antibinding energy fragments for the 
2£u and 211^ states of K3+ as a function of overlap integral. 
In each graph the solid line represents the quantity indicated 
in the upper right hand corner. The meaning of the symbols is 
given in Table 14. The broken lines represent the fragments. 
(Only contractive or expansive, i.e. fundamental, promotion is 
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energy of promotion for the state exhibit unusual oscillations not 
heretofore encountered; finally, the potential part of interference for 
the a£u state becomes positive for small internuclear separations, in 
contrast to what is obtained in a similar analysis of the antibonding 
counterpart of the Finkelstein-Horowitz function (95). A further compli­
cation arises from the fact that the parameters "jump" from one minimal 
trough to another in a discontinuous fashion as the internuclear distance 
is varied. Therefore, at some points, orbital exponents and coefficients 
are not continuous in R. Although the effect on the partitioning cannot 
easily be evaluated, this behavior can be suspected to be the cause of 
some of the above mentioned difficulties. 
Thus, the antibonding states appear to offer a greater challenge than 
anticipated in the construction of wave functions which lend themselves to 
meaningful interpretive analysis. 
G. Conclusions Regarding Significant Expansions 
In earlier work (95), LCAO expansions were postulated which would 
lead to consistent interpretation of binding. They were termed "signifi­
cant expansions". It was assumed that such expressions would be determined 
in a reasonably unique way by the criterion of most rapid convergence. It 
was further conjectured that expansions which were similar in quality, as 
well as in length, would yield similar values for the interpretive 
fragments. 
With regard to the more important energy fragments, the wave functions 
investigated here lend confirmation to these expectations. But for other 
fragments, serious ambiguities have been noted which seem to be related to 
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the basic lack of constancy in the overlap integral between the two 
"atomic" parts of the wave function, and This, in turn, appears 
to imply that and can partially assume each other's role when higher 
harmonics are admitted. 
Still, it would be rash to consider significant expansions as illusory 
goals. In the author's view, present evidence does not warrant such a 
stem conclusion. The intriguing results of Section E suggest that it may 
well be possible to eliminate the ambiguities in overlap; in addition, one 
now has some indication about the pitfalls to be avoided. 
It may be possible to eliminate the ambiguities due to higher har­
monics by first determining accurately the "fundamental" part of the 
molecular wave function, say, the s-part for the 3Zg state. One would 
subsequently find the p-part, leaving the s-part unchanged, etc. It seems 
unlikely that this sequential procedure will much affect the energy minimum 
obtainable. In order to find these various parts, atomic orbitals of the 
type 
Ç  e ~ 9 r  c / ç ) }  Y A o  
may prove at least as effective as those of the type 
4>*= 2 c„ r^ " e"?ir Yj,o 
V 
They would, moreover, eliminate the need for nonlinear variations. 
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APPENDIX A: EXPRESSIONS FOR MINIMIZATION PROCEDURE 
In the one-electron problem, application of the variational equations 
II.8, 11.15, 11.16, and 11.23 to a trial function of the form 
= £l~z  2 <MÇk ,x) 
•û = S /dx 4>i 4>j 
sj:  
is particularly straightforward when the 4>k are taken to be the Slater 
type functions defined in Eq. IV.3. The quantities required for computing 
the necessary matrix elements are easily found in explicit form. 
The following matrix elements are needed: 
L J k  =  J d * x  V j X - X  
Q k  = J d x  
where 
^ - ( iv/açj)  
vj = J-n) j = n+i, ....2N 
with being the orbital exponent of 4>j . These derivatives are easily 
found to be 
(av/aç,) « avp{*;-n; i  2vk  <t>k} 




_| N ^ * 
Jlp = fl~ 2 a^i Jdx <|>t 4>p 
«nZ|o = .A"1 2 Jdx 4>| <t>p 
with 
^ j o  =  ^  ( Ç p ) / 3 Ç p  
Since, for a Slater orbital 
<HÇ) = (n,l,w ; ç) 
the derivative with respect to the orbital exponent is given by 
(^ Ç p ) / à Ç p  = °^|o 4p(fp) 
where 
4j»  (Çp)  =  ( lV+l^ l ,1 t l  j  Ç |o  )  
o6p = (lty> 2 ) 4"p 
p  p  =- [ (Hp+0(Hp +  2  Çp  
one obtains 
àY/ôÇjo = 2 + Dp,n-H ^p^Çp) 
and 




^ ^ P f ^  P ^ Pk k*l#2,.* N 
Dp ;Nvi = C i  2  3/p Pp 
and 
E P k  =  ^ " 5  {  W ' ^ P ^ k }  
Substitution of these formulae gives the following expressions for 
the required matrix elements of Eq. 11.15. 
Ljk = J, I, Dji Dk, /d~* »i  ^  
+ D k ,N*i  2  Dj ,  fdx  ^X  $k  
+ Dj,N*i S Dkrjdx <f>r£ +• Dk,Nti Jdx 
j,,k = 1,2, ... N 
L j k =  D ^ E ^ / d x  4 > t X 4 » r  
n r -s pT c) " •/ 2/ • • • N 
+ 5,  E^y Jdx 4> r<L <Pj  k=N+l,N+2,..2N 
L ) U =  E ) l E k r / d x  * 1 ^  
^,k = H+l, N*2,... 2N 
Q.k - n 2  {2 Dk<^ Jdx ^ 
+ a,/dx <(>|p X 4*^ k«l;Z/...M 
av -0-"5  |S11=1  ^ i»E ka /d"x  *P^ *1 
k= N+l ;  N+2 ,  . . .  2N .  
109 
APPENDIX B: RESULTS FOR THE BONDING STATES, a Z  , 3II ,  2A 
g u' g 
Presented in the following tables are (i) the wave functions which 
result from the minimizations carried out at various internuclear 
distances; (ii) the corresponding energies together with a partitioning 
according to the analysis discussed in Chapter V. 
Most column headings are self explanatory. The following may require 
clarification: 
(i) Because of molecular symmetry, the orbitals on each nucleus are 
identical, so that only those on one center are mentioned. The nomen­
clature for the orbitals is the three-tuple {n, 1, m}. Thus, 
100 = Isa 
211 = 2pn 
etc. 
(ii) Most quantities are given as floating point numbers. The 
exponent consists of the last four entries in the number beginning with 
the letter "E". For example 
2.5327E-03 = 0.0025327 
2.5327E+02 = 253.27 
(iii) In addition to the coefficients c^ for the atomic orbitals 
there are listed two normalization coefficients, the "molecular" IsA. and 
the "atomic" X^X . The molecular wave function can be written 
"Y =M 2 cu {< | ) k ( A) +4> k ( B ) j  
110 
or 
t | f =  [ 3 > ( a )  +  f ( B ) ]  [2 (1+5) ]  ™ 2  
I 
where 
$ ( a )  =  M 5  c k  4 k ( a )  
k 
$(B) = N|ck <f>k(B) 
are normalized to unity and 
S= J^dx ^(A) ^ (B) 
is also listed. 
(iv) At internuclear distances near equilibrium, a quantity called 
"virial defect" is given. It is the departure from the virial relation, 
A(Ç), derived in Chapter III. This is used, in turn, to find dE/dR, 
shown directly above the "defect". 
(v) In the tables of integrals between atomic orbitals, the following 
symbols are used in the column headings : 
The origin of the atomic orbitals is given by a letter prefix to 




(X,VA Y) -/dV &-'<j>x4V 
- /d v  r b - '  4 K c f v  
J dv  4 x 4>r  
Ill 
A211 = 2pn on nucleus A 
B321 = 3dn on nucleus B 
etc. 
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ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.45630 
200 0.206200 1.82020 
210 0.164920 1.56570 
320 0.029130 1.85870 





KINETIC POTENTIAL TOTAL 
7.35938E—01 -1.31821E+00 -5.82277E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S 3.93377E-01 -3.34490E-01 5.88867E-02 
P 1.35188E-02 4.04516E-03 1.75639E-02 
0 7.13328E-04 2.21100E-04 9.34428E-04 
TOTAL 4.07609E—01 -3.30224E-01 7.73851E-02 
QUASI-CLASSICAL ENERGY 
S S 3.08452E-02 3.08452E-02 
S P —5.98579E-02 -5.98579E-02 
S D -5.74004E-03 -5.74004E-03 
P P -8.05525E-04 -8.05525E-04 
P D -1.94914E-03 -1.94914E-03 
D D -1.43991E—05 -1.43991E-05 
TOTAL -3.75218E-02 -3.75218E-02 
INTERFERENCE ENERGY 




TABLE 17 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT (X,T Y) (X f  VA Y) (X,VB Y) 
OF X OF Y 
A100 1.45630 A100 1.45630 1 .060404E+00 -1 .456300E+00 — 6 •397788E-•01 
A100 1.45630 A200 1.82020 5 •  006751E- 01 -1 • 031508E + 00 -5 •912837E- 01 
A100 1.45630 A210 1.56570 0 * -0 e -2 •144394E- 01 
A100 1.45630 A320 1.85870 0 e -0 -1 .149244E-01 
A200 1.82020 A200 1.82020 5 .521874E- 01 -9 .  100997E-01 -6 • 118 729E- 01 
A200 1.82020 A210 1.56570 0 -0 . -2 •450346E-01 
A200 1.82020 A320 1.85870 0 e -0 e -1 •402888E-01 
A210 1.56570 A210 1.56570 1 .225708E+00 -7 • 828499E-01 -7 .099084E-01 
A210 1.56570 A320 1.85870 0 -0 e -2 .961903E-01 
A320 1.85870 A320 1.85870 1 .727381E+00 — 6 .195663E-01 —6 .914423E-01 
A100 1.45630 B100 1.45630 1 .902053E-01 -5 .219040E-01 -5 .219040E-01 
A100 1.45630 B200 1.82020 2 .303952E- 01 — 6 .015239E-01 —4 •884802E-01 
A100 1.45630 B210 1.56570 4 •  981171E- 01 -7 .634177E-01 -3 .855863E-01 A100 1.45630 B320 1.85870 5 .955994E-01 — 6 •873240E-01 -2 • 252307E-01 A200 1.82020 B200 1.82020 2 .4517706-01 -5 .521357E-01 -5 .521357E-01 
A200 1.82020 B210 1.56570 4 .223347E- 01 — 6 .046527E-01 -3 .521776E-01 A200 1.82020 8320 1.85870 3 .428946E- 01 -4 •503486E-01 -1 • 495 590E-01 
A210 1.56570 B210 1.56570 3 .084798E- 01 -7 .248062E-02 -7 .248062E-02 A210 1.56570 B320 1.85870 - I  •076572E- 01 1 .564I53E-01 1 .  158887E-01 
A320 1.85870 B320 1.85870 -7 •094709E-•02 -7 •833964E-03 -7 •833965E-03 






















TABLE 18. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-1 ON. 
2, 





































BINDING ENERGY PARTITIONING 














































I N T E G R A L S  B E T W E E N  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X »  T  Y )  
O F  X  O F  Y  
A 1 0 0  1 . 3 8 4 2 8  A 1 0 0  1 . 3 8 4 2 8  9  •  5 8 1 2 2 0 E - 0 1  
A 1 0 0  1 . 3 8 4 2 8  A 2 0 0  1 . 5 8 4 6 1  3  • 7 8 1 0 7 3 E - 0 1  
A 1 0 0  1 . 3 8 4 2 8  A 2 1 0  1 . 3 7 0 4 7  0  
A 1 0 0  1 . 3 8 4 2 8  A 3 2 0  1 . 6 0 2 1 2  0  
A 2 0 0  1 . 5 8 4 6 1  A 2 0 0  1 . 5 8 4 6 1  4  . 1 8 5 0 0 4 E - 0 1  
A 2 0 0  1 . 5 8 4 6 1  A 2 1 0  1 . 3 7 0 4 7  0  
A 2 0 0  1 . 5 8 4 6 1  A 3 2 0  1 . 6 0 2 1 2  0  # 
A 2 1 0  1 . 3 7 0 4 7  A 2 1 0  1 . 3 7 0 4 7  9  • 3 9 0 9 8 9 E - 0 1  
A 2 1 0  1 . 3 7 0 4 7  A 3 2 0  1 . 6 0 2 1 2  0  
A 3 2 0  1 . 6 0 2 1 2  A 3 2 0  1 . 6 0 2 1 2  1  • 2 8 3 3 8 6 E + 0 0  
A 1 0 0  1 . 3 8 4 2 8  B 1 0 0  1 . 3 8 4 2 8  7  . 3 8 2 5 0 2 E - 0 2  
A 1 0 0  1 . 3 8 4 2 8  B 2 0 0  1 . 5 8 4 6 1  1  . 1 7 3 2 4 3 E - 0 1  
A 1 0 0  1 . 3 8 4 2 8  B 2 1 0  1 . 3 7 0 4 7  3  . 1 1 6 4 7 1 E - 0 1  
A 1 0 0  1 . 3 8 4 2 8  8 3 2 0  1 . 6 0 2 1 2  4  . 4 4 2 0 1 2 E - 0 1  
A 2 0 0  1 . 5 8 4 6 1  B 2 0 0  1 . 5 8 4 6 1  1  . 4 2 4 5 9 8 E - 0 1  
A 2 0 0  1 . 5 8 4 6 1  B 2  1 0  1 . 3 7 0 4 7  2  . 8 9 6 7 1 8 E - 0 1  
A 2 0 0  1 . 5 8 4 6 1  B 3 2 0  1 . 6 0 2 1 2  2  •  8 1 7 3 6 4 E - 0 1  
A 2 1 0  1 . 3 7 0 4 7  B 2 1 0  1 . 3 7 0 4 7  3  . 0 1 0 7 9 9 (1-0 1  
A 2 1 0  1 . 3 7 0 4 7  B 3 2 0  1 . 6 0 2 1 2  5  •  0 9 2 0 7 4  Ê - 0 2  
A 3 2 0  1 . 6 0 2 1 2  B 3 2 0  1 . 6 0 2 1 2  - 4  . 8 0 4 4 2 2 E - 0 2  
(CONTINUED). 
I C  O R B I T A L S  
( X  »  V A  Y )  
- 1 . 3 8 4 2 8 5 E + 0 0  
— 9 • 0 8 6 3 6 6 E — 0 1  
- 0 .  
-0 • 
- 7 • 9 2 3 0 7 3 E — 0 1  
-0 .  
—0 . 
- 6 . 8 5 2 3 6 7 E - 0 1  
— 0 . 
- 5 . 3 4 0 3 8 2 E - 0 1  
- 3 . 2 9 0 2 9 5 E - 0 1  
- 4 . 2 7 6 9 6 4 E - 0 1  
- 6 . 0 7 3 5 7 9 E - 0 1  
—  6 .  1 7 8 3 8 7  E —  0 1  
- 4 . 0 6 6 5 1 8 E - 0 1  
— 4 . 9 1 5 8 3 9 E — 0 1  
- 4 . 1 0 1 3 2 3 E - 0 1  
- 1 . 3 7 0 2 2 9 E - 0 1  
5 . 5 0 6 9 1 9 E - 0 2  
1 . 1 2 9 7 0 8 E - 0 2  
X  A N D  Y  
( X »  V B  Y )  
- 4 . 9 3 7 2 4 7 E - 0 1  
- 4 • 4 6 9 2 6 2 E — 0 1  
- 1 . 4 9 9 5 0 7 E — 0 1  
- 7 . 8 6 1 3 4 2 E - 0 2  
- 4 . 7 7 6 1 6 1 E - 0 1  
- 1 . 8 5 4 3 1 6 E - 0 1  
- 1 . 0 7 6 4 5 6 E - 0 1  
—5.596796E—01 
- 2 . 3 5 0 2 6 2 E - 0 1  
- 5 • 6 2 6 6 8 2 E - 0 1  
— 3 . 2 9 0 2 9 5 E — 0 1  
- 3 . 2 5 4 8 6 8 E - 0 1  
- 3 . 0 2 9 0 6 6 E - 0 1  
- 2 . 0 6 9 7 9 1 E - 0 1  
- 4 . 0 6 6 5 1 8 E - 0 1  
- 2 . 9 6 2 7 1 7 E - 0 1  
- 1 . 4 6 8 5 2 1 E - 0 l  
- 1 . 3 7 0 2 2 9 E - 0 1  
4 . 6 8 0 2 2 0 E — 0 2  
1 . 1 2 9 7 0 8 E - 0 2  
(  X ,  Y  )  
1 . O O O O O O E + O O  
9 . 1 8 1 5 4 8 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
3 . 9 8 3 2 6 6 E - 0 1  
4 . 9 5 4 7 8 8 E - 0 1  
5 . 5 2 2 3 5 7 E - 0 1  
4 . 2 9 0 3 0 4 E - 0 1  
6 . 0 7 2 9 0 7 E - 0 1  
5 . 5 6 2 7 0 7 E - 0 1  
3 . 3 0 4 4 2 6 E - 0 1  
7 . 9 3 2 3 6 3 E - 0 2  
- 2 .  1 4 9 5 3 3 E - 0 1  
- 4 . 8 7 2 6 4 0 E - 0 3  
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TABLE 19. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
2._ 
















































BINDING ENERGY PARTITIONING 


































TABLE 19 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X »  T  Y )  ( X i V A  Y )  ( X , V B  Y )  {  X  »  Y  )  
O F  X  O F  Y  
A l O O  1 . 3 7 9 3 6  A l O O  1 . 3 7 9 3 6  9  . 5 1 3 1 1 1 E - 0 1  - 1 .  3 7 9 3 5 6 E + 0 0  - 4  •  9 3 0 2 3 1 E - 0 1  1 .  O O O O O O E + O O  
A l O O  1 . 3 7 9 3 6  A 2 0 0  1 . 5 8 9 0 7  3  • 8 0 5 5 8 8 E - 0 1  - 9 .  1 0 5 8 9 6 E -0 1  - 4  •  4 7 4 6 2 6 E - 0 1  9 .  2 0 2 7 5 2 E - 0 1  
A l O O  1 . 3 7 9 3 6  A 2 1 0  1 . 3 7 1 9 0  0  . - 0 .  - 1  . 5 0 1 1 4 7 E - 0 1  0 .  
A l O O  1 . 3 7 9 3 6  A 3 2 0  1 . 5 9 9 1 9  0  - 0 .  - 7  . 8 6 6 6 2 2 E - 0 2  0 .  
A 2 0 0  1 . 5 8 9 0 7  A 2 0 0  1 . 5 8 9 0 7  4  . 2 O 8 5 6 8 E - 0 1  - 7 .  9 4 5 3 4 8 E - 0 1  - 4  . 7 7 4 1 6 4 E -0 1  1 .  O O O O O O E + O O  
A 2 0 0  1 . 5 8 9 0 7  A 2 1 0  1 . 3 7 1 9 0  0  e - 0 .  - I  •  8 5 0 7 4 5 E - 0 1  0 .  
A 2 0 0  1 . 5 8 9 0 7  A 3 2 0  1 . 5 9 9 1 9  0  - 0 .  - 1  . 0 7 2 5 9 6 E - 0 1  0 .  
A 2 1 0  1 . 3 7 1 9 0  A 2 1 0  1 . 3 7 1 9 0  9  . 4 1 0 5 2  7 E - 0 1  —  6 .  8 5 9 4 9 2 E -0 1  -  5  . 5 9 2  7 1 1 E -0 1  1 .  O O O O O O E + O O  
A 2 1 0  1 . 3 7 1 9 0  A 3 2 0  1 . 5 9 9 1 9  0  e - 0 .  - 2  . 3 4 5 8 9 0 E - 0 1  0 .  
A  3 2 0  1 . 5 9 9 1 9  A 3 2 0  1 . 5 9 9 1 9  I  .  2 7 8 6 9 7 E + 0 0  - 5 .  3 3 0 6 1 7 E -0 1  - 5  • 6 1 8 1 0 1 E -0 1  1 .  O O O O O O E + O O  
A l O O  1 . 3 7 9 3 6  B l O O  1 . 3 7 9 3 6  7  . 4 0 9 3 8 1 E - 0 2  - 3 .  2 9 3 9 8 0 E -0 1  - 3  • 2 9 3 9 8 0 E -0 1  3 .  9 9 7 2 5 3 E — 0 1  
A l O O  1 . 3 7 9 3 6  B 2 0 0  1 . 5 8 9 0 7  I  . 1 6 9 6 2 0 E - 0 1  - 4 .  2 6 4 6 5 9 E -0 1  - 3  . 2 5 7 6 3 7 E - 0 1  4 .  9 5 4 0 6 8 E - 0 1  
A l O O  1 . 3 7 9 3 6  B 2 1 0  1 . 3 7 1 9 0  3  . 1 0 7 5 5 6 E -0 1  —  6  .  0 5 9 0 7 1 E - 0 1  - 3  . 0 2 5 3 7 0 E - 0 1  5 .  5 1 8 7 6 1 E - 0 1  
A l O O  1 . 3 7 9 3 6  B 3 2 0  1 . 5 9 9 1 9  4  • 4 2 2 5 5 3 E - 0 1  —  6  .  1 6 2 5 4 8 E -0 1  - 2  . 0 6 4 3 1 9 E -0 1  4 .  2 8 6 4 9 8 E - 0 1  
A 2 0 0  1 . 5 8 9 0 7  B 2 0 0  1 . 5 8 9 0 7  1  . 4 2 0 1 0 4 E - 0 1  - 4 .  0 5 6 4 4 7 E -0 1  - 4  . 0 5 6 4 4 7 E -0 1  6 .  0 4 9 0 2 5 E - 0 1  
A 2 0 0  1 . 5 8 9 0 7  B 2 1 0  1 . 3 7 1 9 0  2  . 9 0 1 6 9 9 E - 0 1  - 4 .  9 1 9 9 7 2 E -0 1  - 2  . 9 6 6 4 2 6 E -0 1  5 .  5 6 5 6 5 0 E - 0 1  
A 2 0 0  1 . 5 8 9 0 7  B 3 2 0  1 . 5 9 9 1 9  2  • 8 3 5 2 8 2 E - 0 1  —  4 .  1 1 6 7 4 6 E -0 1  - 1  . 4 7 7 0 1 4 E -0 1  3 .  3 2 4 3 0 1 E - 0 1  
A 2 1 0  1 . 3 7 1 9 0  6 2 1 0  1 . 3 7 1 9 0  3  • 0 2 3 3 9 8 E - 0 1  - 1  .  3 8 1 1 0 8 E -0 1  - 1  . 3 8 1 1 0 8 E -0 1  8 .  1 4 0 7 0 8 E — 0 2  
A 2 1 0  1 . 3 7 1 9 0  B  3 2 0  1 . 5 9 9 1 9  5  • 1 4 6 5 6 1 E - 0 2  5 .  4 8 5 5 8 0 E -0 2  4  . 6 4 7 8 2 5 E -0 2  - 2 .  1 4 6 3 0 6 E - 0 1  
A 3 2 0  1 . 5 9 9 1 9  B 3 2 0  1 . 5 9 9 1 9  — 4  . 7 9 9 3 9 7 E - 0 2  1 .  1 2 4 1 1 4 E -0 2  1  . 1 2 4 1 1 4 E -0 2  - 4 .  6 4 2 2  8 0 E - 0 3  
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TABLE 20. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
2,_ 





































BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S 2.56148E-01 -2.28181E-01 2.79667E-02 
P 9.56208E—03 6.91009E-03 1.64722E-02 
D 7.70092E-04 4.70913E-04 1.24100E-03 
TOTAL 2.66480E-01 -2.20800E-01 4.56799E-02 
QUASI-CLASSICAL ENERGY 
S S 1.00873E—02 1.00873E-02 
S  P  . . . . . .  - 4 . 6 5 2 4 0 E — 0 2  - 4 . 6 5 2 4 0 E - 0 2  
S D —5.34338E—03 -5.34338E-03 
P P -1.27947E—03 -1.27947E-03 
P D -2.19404E-03 -2.19404E-03 
D D  . . . . . .  — 6 . 0 4 6 8 6 E — 0 5  — 6 . 0 4 6 8 6 E — 0 5  
TOTAL -4.53141E-02 -4.53141E-02 
INTERFERENCE ENERGY 
—1.64754E—01 6.18410E—02 -1.02913E-01 
BINDING ENERGY 
1.01726E-01 —2.04273E—01 -1.02547E-01 
TABLE 20 (CONTINUED) . 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT X H
 
-
< (X » VA Y) X < CD -< (X,Y) 









A 100 1. 37500 A100 1.37500 9. 453121E- 01 -1 • 375000E+00 -4 .923372E- 01 1. ooooooc+oo A100 1. 37500 A200 1.59200 3. 821924E-01 -9 .117763E-01 -4 • 4 7746 5E- 01 9. 219174E-01 A100 i. 37500 A210 1.36876 0. -0 -1 .  500660E- 01 0. A100 1. 37500 A320 1.59213 0. -0 -7 .856035E-02 0. 
A200 1. 59200 A200 1.59200 4. 224103E- 01 -7 .959993E-01 -4 .771196E-01 1. OOOOOOE+OO A 2 00 1. 59200 A210 1.36876 0. -0 -1 .8467650- 01 0. A 2 0 0 1. 59200 A320 1.59213 0. -0 -1 .067940E-01 0. A210 1. 36876 A210 1.36876 9. 367512E-01 -6 .843797E-01 -5 •584400E-01 1. OOOOOOE+OO A210 1. 36876 A320 1.59213 0. -0 -2 .340488E-01 0. A320 1. 59213 A320 1.59213 1. 267438E+00 -5 •307098E-01 -5 .602603E-01 1. OOOOOOE+OO 
A100 1. 37500 8100 1.37500 7. 428076E- 02 -3 .2962 80E-01 -3 .296279E-01 4. 008809E-01 A100 1. 37500 B200 1.59200 1. 166231E- 01 -4 .2 54007E-01 -3 •259095E- 01 4. 953948E--01 A100 1. 37500 B210 1.36876 3. 098953E-01 — 6 .050268E-01 -3 .  021656E- 01 5. 522159E-01 A 100 1. 37500 8320 1.59213 4. 400015E-01 -6 .  146188E-01 -2 .058340E-01 4. 285349E—01 A200 1.  59200 B200 1.59200 1. 415767E- 01 -4 •047487E-01 -4 .047487E-01 6. 030772E-01 A200 I .  59200 B210 1.36876 2. 903715E- 01 -4 .926 189E-01 -2 «968905E-01 5. 576420E—01 A200 1. 59200 8320 1.59213 2. 846391E- 01 -4 .  128169E-01 -1 .483390E-01 3. 344429E-01 A210 1. 36876 B210 1.36876 3. 006730E- 01 -1 .373674E-01 -1 .373674E-01 8. 046221E-02 A210 1. 36876 B320 1.59213 4. 914731E- 02 5 .612920E-02 4 •  715 841E-02 -2.  164951E-01 A320 1. 59213 B320 1.59213 -4. 823792E- 02 1 .099249E-02 1 .099249E-02 -3.  366252C--03 
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TABLE 21. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-1 ON, 
2. 
I N T E R N U C L E A R  S E P A R A T I O N  2 . 5 0 0 0  A . U .  L O W E S T  z  
G  
S T A T E  
A T O M I C  
O R B  I T A L S  
100 
200 
2 1 0  
3 2 0  
C O E F F I C I E N T S  
1.000000 
1 . 1 4 8 5 8 5  
0 . 2 9 6 9 0 2  
0 . 0 6 6 8 5 1  
O R B I T A L  
E X P O N E N T S  
1 . 8 0 5 5 1  
1 . 4 8 9 8 8  
1 . 2 5 2 6 8  
1 . 4 7 9 3 6  
N O R M A L I Z I N G  
F A C T O R S  
M O L E C U L A R  2 . 7 9 9 0 3 E - 0 1  
A T O M I C  4 . 8 8 7 6 3 E - 0 1  
A - B  O V E R L A P  5 . 2 4 5 8 9 E - 0 1  
K I N E T I C  
5 . Z 1 7 6 4 E - 0 1  
M O L E C U L A R  E N E R G Y  
P O T E N T I A L  
- 1 . 1 1 5 4 7 E + 0 0  
T O T A L  












B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 6 6 7 9  I E — 0 1  
5 . 9 9 3 3 4 E — 0 3  
6 . 3 4 4 2 9 E - 0 4  
1 . 7 3 4 1 9 E - 0 1  
P R O M O T I O N A L  E N E R G Y  
- 1 . 5 3 7 7 5 E — 0 1  
7 . 8 6 8 6 3 E - 0 3  
5 . 4 1 1 5 4 E - 0 4  
— 1.45366E—01 
1 . 3 0 1 5 8 E - 0 2  
1 . 3 8 6 2 0 E — 0 2  
1 . 1 7 5 5 8 E - 0 3  
2 . 8 0 5 3 3 E — 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
3 . 6 2 4 9 3 E — 0 3  
- 3 . 4 1 5 3 7 E - 0 2  
- 4 . 0 6 7 1 5 E - 0 3  
- i . 1 8 7 4 1 E - 0 3  
- 1 . 7 9 0 6 8 E — 0 3  
- 7 . 7 9 0 0 7 E — 0 5  
- 3 . 7 6 5 1 9 E — 0 2  
3 . 6 2 4 9 3 E - 0 3  
- 3 . 4 1 5 3 7 E - 0 2  
- 4 . 0 6 7 1 5 E - 0 3  
- 1 . 1 8 7 4 1 E - 0 3  
— 1 . 7 9 0 6 8 E - 0 3  
- 7 . 7 9 0 0 7 E - 0 5  
- 3 . 7 6 5 1 9 E - 0 2  
I N T E R F E R E N C E  E N E R G Y  
• 1 . 5 1 6 5 5 E — 0 1  6 . 7 5 5 1 8 E — 0 2  - 8 . 4 1 0 3 4 E - 0 2  
2 . 1 7 6 3 7 E - 0 2  
BINDING ENERGY 
— 1. 15466E—01 - 9 . 3 7 0 2 0 E - 0 2  
TABLE 21 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  ( X , V A  Y )  ( X  »  V B  Y )  ( X , Y )  
O F  X  O F  Y  
A l O O  1 . 8 0 5 5 1  A l O O  1 . 8 0 5 5 1  1  . 6 2 9 9 3 1 E  +  0 0  - 1  . 8 0 5 5 0 9 E + 0 0  - 3  • 9 9 7 3 5 2 E -• 0 1  1  .  O O O O O O E  +  O O  
A l O O  1 . 8 0 5 5 1  A 2 0 0  1 . 4 8 9 8 8  2  . 7 2 9 0 3 4 E - 0 1  —  8  . 4 8  3 7 1 9 E - 0 1  - 3  .  0 7 4 7 7 0 E - 0 1  7  .  7 2 3 2 6 8 E - 0 1  
A l O O  1 . 8 0 5 5 1  A 2 1 0  1 . 2 5 2 6 8  0  - 0  e - 7  . 7 8 9 9 0 0 E -• 0 2  0  
A l O O  1 . 8 0 5 5 1  A 3 2 0  1 . 4 7 9 3 6  0  - 0  # - 3  . 3 8 5  2 2  3 E - 0 2  0  
A Z O O  1 . 4 8 9 8 8  A 2 0 0  1 . 4 8 9 8 8  3  . 6 9 9 5 5 7 E - 0 1  - 7  . 4 4 9 3 8 8 E - 0 1  - 3  . 9 1 2 2 9 9 E -• 0 1  1  . O O O O O O E + O O  
A Z O O  1 . 4 8 9 8 8  A 2 1 0  1 . 2 5 2 6 8  0  . - 0  , - 1  . 4 1 7 9 8 9 E -• 0 1  0  e 
A Z O O  1 . 4 8 9 8 8  A 3 2 0  1 . 4 7 9 3 6  0  . - 0  . —  8  . 1 3 9 1 0 4 E -• 0 2  0  
A Z  1 0  1 . 2 5 2 6 8  A 2 1 0  1 . 2 5 2 6 8  7  »  8 4 6 0 6 4 E —  0 1  —  6  . 2 6 3 4 1 1 E -0 1  - 4  . 5 6 3  8 6 9 E - 0 1  1  . O O O O O O E + O O  
A Z  1 0  1 . 2 5 2 6 8  A 3 2 0  1 . 4 7 9 3 6  0  . - 0  - 1  . 8 8 8 2 9 3 E - 0 1  0  
A 3 Z 0  1 . 4 7 9 3 6  A 3 2 0  1 . 4 7 9 3 6  1  . 0 9 4 2 4 9 E + 0 0  - 4  . 9 3 1 1 9 1 E -0 1  —  4  .  7 2 9 6 7 0 E - 0 1  1  . O O O O O O E + O O  
A l O O  1 . 8 0 5 5 1  B 1 0 0  1 . 8 0 5 5 1  - 2  . 2 8 1 7 1 0 E - 0 2  - 1  .  0 9 0 7 9 2 E - 0 1  - 1  . 0 9 0 7 9 2 E - 0 1  1  .  3 4 8 2  8 1 E - 0 1  
A l O O  1 . 8 0 5 5 1  B 2 0 0  1 . 4 8 9 8 8  3  . 2 6 9 3 9 4 E -0 2  - 2  . 7 2 2 1 0 7 E -0 1  - 1  . 5 1 6 7 9 0 E -0 1  2  . 8 1 4 7 5 0 E - 0 1  
A l O O  1 . 8 0 5 5 1  8 2 1 0  1 . 2 5 2 6 8  1  . 6 3 5 0 6 1 E - 0 1  - 4  . 7 4 0 4 7 0 E - 0 1  - 1  . 9 8 2 9 6 4 E - 0 1  4  .  2 4 7 9 7 1 E - 0 1  
A l O O  1 . 8 0 5 5 1  B  3  2 0  1 . 4 7 9 3 6  3  . 3 9 3 4 6 3 E - 0 1  - 5  . 8 1 0 9 3 7 E - 0 1  - 1  . 8 3 8 3 7 5 E - 0 1  4  . 3 5 4 9 3 0 E - 0 1  
A Z O O  1 . 4 8 9 8 8  B 2 0 0  1 . 4 8 9 8 8  8  . 1 3 6 4 8 6 E - 0 2  - 2  . 9 8 8 5 1 5 E - 0 1  - 2  . 9 8 8 5 1 5 E - 0 1  5  . 0 4 3 4 1 6 E - 0 1  
A Z O O  1 . 4 8 9 8 8  B 2 1 0  1 . 2 5 2 6 8  2  . 0 8 0 9 9 4 E - 0 1  —  4  . 0 9 4 5 4 6 E -0 1  - 2  . 5 2 4 0 9 9 E -0 1  5  . 4 0 7 5 4 3 E - 0 1  
A Z O O  1 . 4 8 9 8 8  8 3 2 O  1 . 4 7 9 3 6  2  . 4 6 8  1 1 3 E - 0 1  - 3  . 8 1 6 0 9 6 E -0 1  —  1  . 4 7 1 1 8 1 E -0 1  3  . 7 1 1 3 0 5 E - 0 1  
A 2 1 0  1 . 2 5 2 6 8  B 2 1 0  1 . 2 5 2 6 8  2  . 6 7 0 3 5 0 E - 0 1  - 1  . 6 6 9 2 3 4 E -0 1  - 1  . 6 6 9 2  3 4 E -0 1  1  .  9 Z 6 6 8 4 E - 0 1  
A Z  1 0  1 . 2 5 2 6 8  B 3 2 0  1 . 4 7 9 3 6  I  . 3 7 0 4 3 0 E - 0 1  - 2  . 3 8 3 2 8 7 E -0 2  —  6  . 5 7 7  3 4 6 E -0 3  - 9  .  8 5 6 2 6 8 E - 0 2  
A  3 2 0  1 . 4 7 9 3 6  B 3 2 0  1 . 4 7 9 3 6  6  . 5 8 4 6 1 6 E - 0 3  8  . 4 4 5  8 2  2 E -0 3  8  . 4 4 5  8 2 2 E -0 3  - 4  . 0 2  7 2 1 4 E - 0 2  
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TABLE 22. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2_ 
LOWEST 2 STATE INTERNUCLEAR SEPARATION 3.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.77275 
200 1.227600 1.41866 
210 0.295972 1.15228 
320 0.071668 1.35749 





KINETIC POTENTIAL TOTAL 
4.74700E-01 -1.05212E+00 -5.77421E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S 1.07553E-01 -1.01699E-01 5.85338E-03 
P 3.22210E-03 8.33388E-03 1.15560E-02 
0 4.85811E—04 6.31195E-04 1.11701E-03 
TOTAL 1.11261E-01 -9.27343E-02 1.85264E-02 
QUASI-CLASSICAL ENERGY 
S S 1.39055E—03 1.39055E-03 
S P -2.53435E—02 -2.53435E-02 
S D -3.10999E—03 -3.10999E-03 
P P -9.60256E-04 -9.60256E-04 
P D -1.45661E-03 -1.45661E-03 
0 0 -7.74031E-05 -7.74031E-05 
TOTAL -2.95572E-02 -2.95572E-02 
INTERFERENCE ENERGY 




TABLE 22 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B  I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X i T  Y )  ( X  »  V A  Y )  
O F  X  O F  Y  
A l O O  1 . 7 7 2 7 5  A l O O  1 . 7 7 2 7 5  1 .  5 7 1 3 2 3 E + 0 0  - 1  •  7 7 2 7 5 Î E  +  O O  
A l O O  1 . 7 7 2 7 5  A 2 0 0  1 . 4 1 8 6 6  2 .  3 7 7 1 4 7 E - 0 1  - 8  . 0 3 9 8 5  I E -0 1  
A l O O  1 . 7 7 2 7 5  A 2 1 0  1 . 1 5 2 2 8  0 .  - 0  
A l O O  1 . 7 7 2 7 5  A 3 2 0  1 . 3 5 7 4 9  0. - 0  # 
A 2 0 0  1 . 4 1 8 6 6  A 2 0 0  1 . 4 1 8 6 6  3 .  3 5 4 3 1 6 E - 0 1  - 7  • 0 9 3 2 9 1 E -0 1  
A 2 0 0  1 . 4 1 8 6 6  A 2 1 0  1 .  1 5 2 2 8  0. - 0  
A 2 0 0  1 . 4 1 8 6 6  A 3 2 0  1 . 3 5 7 4 9  0. -0 e 
A 2 1 0  1 . 1 5 2 2 8  A 2 1 0  1 . 1 5 2 2 8  6 .  6 3 8 7 5 3 E - 0 1  - 5  . 7 6 1 4 0 3 E -0 1  
A 2 1 0  1 . 1 5 2 2 8  A 3 2 0  1 . 3 5 7 4 9  0. - 0  
A 3 2 0  1 . 3 5 7 4 9  A 3 2 0  1 . 3 5 7 4 9  9 .  2 1 3 9 5 1 E -0 1  - 4  I 5 2 4 9 8 0 E -0 1  
A l O O  1 . 7 7 2 7 5  B 1 0 0  1 . 7 7 2 7 5  - 2 .  3 9 4 9 3 7 E - 0 2  - 5  . 4 8 9 7 9 6 E -0 2  
A l O O  1 . 7 7 2 7 5  B 2 0 0  1 . 4 1 8 6 6  4 .  8 7 9 3 7 1 E - 0 3  - 1  
€
8 2 7 1 0 2 E -0 1  
A l O O  1 . 7 7 2 7 5  B 2 1 0  1 . 1 5 2 2 8  8 .  7 8 6 7 2 3 E - 0 2  —  3  • 6 0 2 0 7 2 E - 0 1  
A l O O  1 . 7 7 2 7 5  B 3 2 0  1 . 3 5 7 4 9  2 .  2 0 1 1 8 9 E - 0 1  - 4  . 7 4 9 8 5 9 E -0 1  
A 2 0 0  1 . 4 1 8 6 6  8 2 0 0  1 . 4 1 8 6 6  4 .  3 1 8 4 8 8 E - 0 2  - 2  • 1 9 9 8 2 0 E -0 1  
A 2 0 0  1 . 4 1 8 6 6  B 2 1 0  1 . 1 5 2 2 8  1 .  4 6 9 1 7 3 E - 0 1  - 3  . 4 0 5 0 5 9 E -0 1  
A 2 0 0  1 . 4 1 8 6 6  B 3 2 0  1 . 3 5 7 4 9  2 .  0 4 7 6 7 0 E - 0 1  - 3  . 4 5 6 5 6 1 E - 0 1  
A 2 1 0  1 . 1 5 2 2 8  8 2 1 0  1 . 1 5 2 2 8  2 .  1 8 6 1 8 2 E - 0 1  - 1  •  6 9 1 6 6 1 E - 0 1  
A 2 1 0  1 . 1 5 2 2 8  B 3 2 0  1 . 3 5 7 4 9  1 .  5 4 8 6 0 1 E - 0 1  —  6  . 2 7 6 9 3 6 E -0 2  
A 3 2 0  1 . 3 5 7 4 9  B 3 2 0  1 . 3 5 7 4 9  4 .  4 9 6 7 9 5 E - 0 2  - 2  . 5 5 1 1 2 4 E - 0 3  
( X , V B  Y )  
- 3 . 3 3 2 8 2 6 E - 0 1  
- 2 . 5  1 5 2 4 8 E - 0 1  
- 5 . 4 7 1 6 7 8 E - 0 2  
- 2 . 1 4 8 5 9 9 E - 0 2  
- 3 . 2 9 9 0 2 3 E - 0 1  
•  I . 1 0 8  1 1 2 E - 0 1  
- 6 . 1 2 4 2 3 0 E - 0 2  
- 3 . 8 2 1 7 I 8 E - 0 1  
- 1 . 5 2 9 7 1 4 E - 0 1  
- 4 . 0 0 4 7 3 2 E - 0 1  
- 5 . 4 8 9 7 9 6 E - 0 2  
- 9 . 3 2 9 4 5 6 E — 0 2  
- 1  .  3 9 0 8 5 4 E - 0 1  
•  1 . 4 3 5 9 7 2 E - 0 1  
- 2 .  1 9 9 8 1 9 E - 0 1  
- 2 . 1 0 8 1 7 6 E - 0 1  
- 1 . 3 9 4 5 4 0 E — 0 1  
- 1 . 6 9 1 6 6 1 E - 0 1  
- 3 . 4 5 4 8 3 4 6 - 0 2  
- 2 . 5 5 1 1 2 5 E - 0 3  
{  X  »  Y  )  
1 . O O O O O O E + O O  
7 . 5 5 7 6 4 6 E — 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
I . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
7 . 7 1 7 6 8 3 E - 0 2  
2 . 0 3 0 2 6 5  E - 0 1  
3 . 5 0 4 6 2 9 E - 0 1  
3 . 9 5 7 8 9 2 E - 0 1  
4 . 1 3 5 0 6 7 E - 0 1  
5 . 1 0 5 2 4 7 E  0 1  
3 . 9 4 1 3 8 2 E - 0 1  
2 • 5 7 9 3 3 2 E - 0 1  
- 1 . 5 3 7 0 7 6 E - 0 2  
• 3 . 7 5 2 8 4 1 E - 0 2  
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LOWEST % STATE INTERNUCLEAR SEPARATION 4.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.62146 
200 1.092708 1.29817 
210 0.239436 1.00753 





KINETIC POTENTIAL TOTAL 
4.38030E-01 -9.83969E—01 -5.45938E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S 4.14822E—02 -4.04825E-02 9.99756E-04 
P 1.10914E—04 7.28002E-03 7.39093E-03 
0 1.95847E-04 6.67169E-04 8.63016E-04 
TOTAL 4.17890E-02 -3.25353E-02 9.25370E-03 
QUASI-CLASSICAL ENERGY 
S S 2.23827E-04 2.23827E-04 
S P — 1.37994E—02 -1.37994E-02 
S D -1.70597E—03 -1.70597E-03 
P P -5.09442E-04 -5.09442E-04 
P D -8.40510E-04 -8.40510E-04 
0 0 —5.51388E—05 -5.51388E-05 
TOTAL —1.66866E—02 —1.66866E—02 
INTERFERENCE ENERGY 
-1.03759E-01 6.52534E—02 -3.85052E-02 
BINDING ENERGY 
-6.19696E-02 1.60315E-02 -4.59382E-02 
TABLE 23 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  
O F  X  O F  Y  
A l O O  1 . 6 2 1 4 6  A l O O  1 . 6 2 1 4 6  1  . 3 1 4 5 5 9 E + 0 0  
A l O O  1 . 6 2 1 4 6  A 2 0 0  1 . 2 9 8 1 7  1  . 9 9 1 7 6 7 E - 0 1  
A l O O  1 . 6 2 1 4 6  A 2 1 0  1 . 0 0 7 5 3  0  
A l O O  1 . 6 2 1 4 6  A 3 2 0  1 . 1 6 5 7 5  0  
A 2 0 0  1 . 2 9 8 1 7  A 2 0 0  1 . 2 9 8 1 7  2  . 8 0 8  7  4 9 E -• 0 1  
A 2 0 0  1 . 2 9 8 1 7  A 2 1 0  1 . 0 0 7 5 3  0  
A 2 0 0  1 . 2 9 8 1 7  A 3 2 0  1 . 1 6 5 7 5  0  
A 2 1 0  1 . 0 0 7 5 3  A 2 1 0  1 . 0 0 7 5 3  5  . 0 7 5 6 0 3 E - 0 1  
A 2 1 0  1 . 0 0 7 5 3  A 3 2 0  1 . 1 6 5 7 5  0  
A 3 2 0  1 . 1 6 5 7 5  A 3 2 0  1 . 1 6 5 7 5  6  . 7 9 4 8 1 6 E -• 0 1  
A l O O  1 . 6 2 1 4 6  8 1 0 0  1 . 6 2 1 4 6  - 1  .  3 1 0 2 2 1 E -• 0 2  
A l O O  1 . 6 2 1 4 6  8 2 0 0  1 . 2 9 8 1 7  - 9  . 4 4 2 0 2 4 E - 0 3  
A l O O  1 . 6 2 1 4 6  B 2 1 0  1 . 0 0 7 5 3  2  . 5 9 9 3 4 7 E - 0 2  
A l O O  1 . 6 2 1 4 6  8 3 2 0  1 . 1 6 5 7 5  9  • 6 5 6 4 5 6 E - 0 2  
A 2 0 0  1 . 2 9 8 1 7  8 2 0 0  1 . 2 9 8 1 7  6  . 8 5 8 3 5 0 E -• 0 3  
A 2 0 0  1 . 2 9 8 1 7  8 2 1 0  1 . 0 0 7 5 3  7  . 0 4 4 1 7 6 E - 0 2  
A 2 0 0  1 . 2 9 8 1 7  8 3 2 0  1 . 1 6 5 7 5  1  . 2 9 4 8 5 5 E - 0 1  
A 2 1 0  1 . 0 0 7 5 3  8 2 1 0  1 . 0 0 7 5 3  1  . 4 0 1 9 4 9 E - 0 1  
A 2 1 0  1 . 0 0 7 5 3  8 3 2 0  1 . 1 6 5 7 5  I  . 3 6 9 3 7 1 E - 0 1  
A 3 2 0  1 . 1 6 5 7 5  8 3 2 0  1 . 1 6 5 7 5  7  . 5 0 8 4 2 2 E - 0 2  
( X  »  V A  Y )  
1 . 6 2 1 4 5 6 E + 0 0  
- 7 . 3 5 7 5 8 6 E - 0 1  
-0. 
-0. 
• 6 . 4 9 0 8 6 1 E - 0 1  
•0. 
•0. 
- 5 . 0 3 7 6 6 0 E - 0 1  
•0. 
- 3 . 8 8 5 8 1 9 E - 0 1  
•  1 . 8 5 0 9 1 8 E - 0 2  
• 8 . 7 7 5 5 8 6 E — 0 2  
• 2 .  1 7 8 9 8 5 E - 0 1  
• 3 . 1 9 0 0 9 2 E - 0 1  
• 1 . 2 1 6 7 8 4 E — 0 1  
• 2 . 3 3 6 5 6 8 E - 0 1  
- 2 . 7 1 5 8 6 8 E - 0 I  
•  1 . 5 0 3 1 0 2 E - 0 1  
• 9  .  2  7 0 4 4  I E — 0 2  
• 2 . 1 1 0 9 6 5 E - 0 2  
I X , V B  Y )  
• 2 . 4 9 9 9 5 6 E - 0 1  
- 1 • 8 8 9 5 2 6 E - 0 1  
- 3 . 3 3 1 0 9 9 E - 0 2  
• 1 . 1 1 1 2 4 3 E - 0 2  
• 2 . 4 9 3 6 3 5 E - 0 1  
• 7 . 2 5 7 0 4 5 E - 0 2  
- 3 . 6 5 4 5 2 2 E - 0 2  
- 2 . 8 4 7 2 5 5 E — 0 1  
• 1 . 0 5 0 3 6 7 E — 0 1  
- 3 . 0 0 5 3 1 2 E - 0 1  
- 1 . 8 5 0 9 1 8 E - 0 2  
• 4 . 1 0 6 6 2 9 E — 0 2  
- 7  .  5 6 1 7 2 8 E - 0 2  
- 8 . 9 7 9 0 0 7 E - 0 2  
- 1 . 2 1 6 7 8 4 E - 0 1  
• 1 . 4 3 0 7 0 6 E - 0 1  
• 1 .  1 4 0 6 0 0 E - 0 1  
•  1 . 5 0 3 1 0 2 E - 0 1  
• 5 . 8 2 4 5 0 4 E - 0 2  
• 2 . 1 1 0 9 6 5 E - 0 2  
( X ,  Y )  
1 . O O O O O O E + O O  
7  .  5 6 0 1 2 4 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
3  .  2 7 9 7 3 1 E — 0 2  
1 . 1 5 4 2 5 9 E - 0 1  
2 . 4 8 9 9 5 4 E - 0 1  
3 . 2 0 0 2 7 2 E - 0 1  
2 . 7 7 2 4 5 1 E - 0 1  
4 .  2 9 2 1 9 0 E - 0 1  
3 . 9 6 4 9 2 4 E - 0 1  
3 .  2 0 5 3 3 0 E - 0 1  
9 . 8 2 5 0 8 7 E - 0 2  
•  1 .  8 5 2 4 8 0 E - 0 3  
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TABLE 24. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 __ 
LOWEST S STATE INTERNUCLEAR SEPARATION 6.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.34316 
200 0.629725 1.15117 
210 0.112029 0.85625 
320 0.033191 0.94283 





KINETIC POTENTIAL TOTAL 
4.58882E-01 -9.70779E-01 -5.11897E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S 2.77807E—03 -2.76858E-03 9.49576E-06 
P —6.95379E—04 2.98058E-03 2.28520E-03 
0 -2.54088E—05 3.13713E-04 2.88304E-04 
TOTAL 2.05728E-03 5.25714E-04 2.58300E-03 
QUASI-CLASSICAL ENERGY 
S S 5.79469E—06 5.79469E-06 
S P .  -3.90077E-03 -3.90077E-03 
S  0  . . . . . .  — 4 . 0 2 2 4 5 E — 0 4  — 4 . 0 2 2 4 5 E — 0 4  
P P -9.12052E-05 -9.12052E-05 
P D -1.73685E-04 -1.73685E-04 
D D -  1.26896E-05 -1.26896E-05 
TOTAL -4.5 7480E-03 -4.57480E-03 
INTERFERENCE ENERGY 




TABLE 24 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  ( X , V A  Y )  
O F  X  O F  Y  
A l O O  1 . 3 4 3 1 6  A l O O  1 . 3 4 3 1 6  9 .  0 2 0 3 9 0 E - 0 1  - 1  . 3 4 3 1 6 0 E + 0 0  
A l O O  1 . 3 4 3 1 6  A 2 0 0  1 . 1 5 1 1 7  1 .  7 0 1 1 9 9 E - 0 1  —  6  •  5 8 7 3 2 3 E - 0 1  
A l O O  1 . 3 4 3 1 6  A 2 1 0  0 . 8 5 6 2 5  0. - 0  
A l O O  1 . 3 4 3 1 6  A 3 2 0  0 . 9 4 2 8 3  0. - 0  , 
A 2 0 0  1 . 1 5 1 1 7  A 2 0 0  1 . 1 5 1 1 7  2 .  2 0 8 6 6 0 E -01 - 5  • 7 5 5 8 6 2 E - 0 1  
A 2 0 0  1 . 1 5 1 1 7  A 2 1 0  0 . 8 5 6 2 5  0. - 0  
A 2 0 0  1 . 1 5 1 1 7  A 3 2 0  0 . 9 4 2 8 3  0. - 0  
A 2 1 0  0 . 8 5 6 2 5  A 2 1 0  0 . 8 5 6 2 5  3 .  6 6 5 7 9 2 E - 0 1  —  4  . 2 8 1 2 3 3 E -0 1  
A 2 1 0  0 . 8 5 6 2 5  A 3 2 0  0 . 9 4 2 8 3  0. - 0  
A 3 2 0  0 . 9 4 2 8 3  A 3 2 0  0 . 9 4 2 8 3  4 .  4 4 4 6 0 5 E - 0 1  - 3  ! 1 4 2 7 5 3 E -0 1  
A l O O  1 . 3 4 3 1 6  B 1 0 0  1 . 3 4 3 1 6  —  3  .  5 9 1 6 0 7 E - 0 3  - 3  • 8 4 8 0 8 1 E - 0 3  
A l O O  1 . 3 4 3 1 6  B 2 0 0  1 . 1 5 1 1 7  —  6  .  7 9 0 4 5 3 E - 0 3  - 2  . 2 7 5 6 3 9 E -0 2  
A l O O  1 . 3 4 3 1 6  B 2 1 0  0 . 8 5 6 2 5  - 1 .  2 4 7 5 4 9 E - 0 3  - 8  . 6 6 1 3 4 9 E -0 2  
A l O O  1 . 3 4 3 1 6  B 3 2 0  0 . 9 4 2 8 3  2 .  0 9 2 9 2 3 E - 0 2  - 1  . 5 4 6 3 8 8 E -0 1  
A 2 0 0  1 . 1 5 1 1 7  B 2 0 0  1 . 1 5 1 1 7  - 7 .  5 1 1 7 8 6 E - 0 3  - 3  . 7 8 5 6 4 2 E -0 2  
A 2 0 0  1 . 1 5 1 1 7  8 2 1 0  0 . 8 5 6 2 5  1 .  1 5 5 4 7 9 E - 0 2  - 1  • 0 6 9 7 8 7 E -0 1  
A 2 0 0  1 . 1 5 1 1 7  8 3 2 0  0 . 9 4 2 8 3  4 .  5 8 2 7 6 5 E - 0 2  - 1  • 5 8 7 6 0 7 E -0 1  
A 2 1 0  0 . 8 5 6 2 5  8 2 1 0  0 . 8 5 6 2 5  5 .  3 8 5 6 6 0 E - 0 2  - 9  •  8 2 0 6 2 1 E -0 2  
A 2 1 0  0 . 8 5 6 2 5  8 3 2 0  0 . 9 4 2 8 3  8 .  0 4 3 6 5 6 E - 0 2  - 9  . 1 9 6 5 1 9 E -0 2  
A 3 2 0  0 . 9 4 2 8 3  8 3 2 0  0 . 9 4 2 8 3  7 .  1 7 3 3 0 5 E - 0 2  - 3  . 8 6 2 3 9 7 E -0 2  
( X , V B  Y )  
•  1 . 6 6 6 6 6 5  E — 0 1  
- 1 . 3 2 0 4 3 8 E - 0 1  
- 1 • 8 2 2 6 1 7 E — 0 2  
- 4 . 8 5 2 4 2 3 E - 0 3  
- 1 . 6 6 6 3 8 4 E — 0 1  
- 3 . 7 6 3 0 5 5 E - 0 2  
- 1 . 5 4 6 5 6 7 E — 0 2  
- 1  . 8 4 1 6 6 0 E - 0 1  
- 5 . 6 2 3 9 6 1 E - 0 2  
•  1  .  9 4 4 0 3 9 E — 0 1  
• 3 . 8 4 8 0 8 1 E — 0 3  
- 1 . 0 4 6 9 4 9 E - 0 2  
- 2 . 7 1 7 5 0 4 E - 0 2  
- 3 . 9 9 3 6 2 6 E - 0 2  
- 3 . 7 8 5 6 4 2 E - 0 2  
- 6 . 2 4 8 9 0 3 E - 0 2  
- 6 . 6 6 6 3 7 1 E - 0 2  
- 9 . 8 2 0 6 2 1 E - 0 2  
- 6 . 1 4 6 7 7 1 E - 0 2  
• 3 . 8 6 2  3 9 7 E - 0 2  
( X ,  Y )  
1 . O O O O O O E + O O  
7 . 9 2 2 7 4 7 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
9 . 7 1 1 5 4 5 E - 0 3  
4 . 1 4 1 2 7 5 E - 0 2  
1 . 3 0 3 5 2 8 E - 0 1  
2  •  0 7 0 5 9 1 E - 0 1  
1 . 1 6 3 8 3 6 E - 0 1  
2 . 6 0 4 0 0 0 E - 0 1  
3 . 2 1 1 2 9 0 E - 0 1  
3 . 1 1 8 5 8 6 E - 0 1  
2 . 1 0 1 9 5 4 E — 0 1  
8 . 4 4 0 3 5 6 E - 0 2  
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LOWEST 25 STATE INTERNUCLEAR SEPARATION 8.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.03600 
200 0.063987 1.00600 
210 0.042061 0.80352 





KINETIC POTENTIAL TOTAL 
4.86821E—01 —9.89373E—01 -5.02552E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -8.02238E—04 8.02860E-04 6.22123E-07 
P -2.81083E-04 9.49075E-04 6.67992E-04 
0 -1.74317E-05 8.05000E-05 6.30682E-05 
TOTAL -1.10075E—03 1.83243E-03 7.31682E-04 
QUASI-CLASSICAL ENERGY 
S S 1.74157E-07 1.74157E-07 
S P -1.20909E-03 -1.20909E-03 
S  D  . . . . . .  — 8 . 4 7 5 5 4 E —  0 5  — 8 . 4 7 5 5 4 E — 0 5  
P  P  . . . . . .  - 1 . 4 1 7 3 2 E — 0 5  - 1 . 4 1 7 3 2 E - 0 5  
P D -2.75715E-05 -2.75715E-05 
0  0  . . . . . .  —  1 . 7 4 4 1 2 E — 0 6  — 1 . 7 4 4 1 2 E — 0 6  
TOTAL -1.33716E-03 -1.33716E-03 
INTERFERENCE ENERGY 




TABLE 25 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X »  T  Y )  ( X  »  V A  Y )  ( X , V 8  Y )  
O F  X  O F  Y  
A l O O  1 . 0 3 6 0 0  A l O O  1 .  0 3 6 0 0  5  • 3 6 6 4 7 7 E - 0 1  - 1 .  0 3 6 0 0 0 E + 0 0  - 1  • 2 4 9 9 9 9 E -• 0 1  
A l O O  1 . 0 3 6 0 0  A 2 0 0  1 .  0 0 6 0 0  1  . 4 3 7 5 4 2 E - 0 1  - 5 .  8 0 6 2 6 1 E - 0 1  - 1  • 0 6 6 2 7 7 E - 0 1  
A l O O  1 . 0 3 6 0 0  A 2 1 0  0. 8 0 3 5 2  0  . - 0 .  - 1  . 4 4 8 3 9 4 E - 0 2  
A l O O  1 . 0 3 6 0 0  A 3 2 0  0. 8 2 8 5 7  0  » -0. - 3  •  6 8 5 9 4 4 E - 0 3  
A 2 0 0  1 . 0 0 6 0 0  A 2 0 0  1 .  0 0 6 0 0  1  . 6 8 6 7 2 3 E - 0 1  - 5 .  0 2 9 9 9 7 E - 0 1  - 1  . 2 4 9 9 6 7 E - 0 1  
A 2 0 0  1 . 0 0 6 0 0  A 2 1 0  0. 8 0 3 5 2  0  - 0 .  - 2  . 4 1 3 2 9 4 E - 0 2  
A 2 0 0  1 . 0 0 6 0 0  A 3 2 0  0. 8 2 8 5 7  0  -0. —  8  .  7 1 2 7 8 9 E - 0 3  
A 2 1 0  0 . 8 0 3 5 2  A 2 1 0  0. 8 0 3 5 2  3  . 2 2 8 2 2 0 E - 0 1  - 4 .  0 1 7 5 9 9 E - 0 1  - 1  . 3 3 9  3 4 0 E - 0 1  
A 2 1 0  0 . 8 0 3 5 2  A 3 2 0  0. 8 2 8 5 7  0  e -0. - 3  . 2 8 1 9 5 6 E - 0 2  
A 3 2 0  0 . 8 2 8 5 7  A 3 2 0  0. 8 2 8 5 7  3  . 4 3 2 6 3 7 E - 0 1  - 2 .  7 6 L 8 9 8 E - 0 1  - 1  • 4 0 6 8 2 1 E - 0 1  
A l O O  1 . 0 3 6 0 0  B l O O  1 .  0 3 6 0 0  - 1  • 8 3 6 8 8 7 E - 0 3  - 2 .  4 2 0 1 8 9 E -0 3  - 2  . 4 2 0 1 8 9 E - 0 3  
A l O O  1 . 0 3 6 0 0  8 2 0 0  1 .  0 0 6 0 0  - 3  • 5 5 2 5 2 9 E - 0 3  - 9 .  3 5 1 7 3 7 E - 0 3  - 5  . 1 8 0 2 3 0 E - 0 3  
A l O O  1 . 0 3 6 0 0  8 2 1 0  0. 8 0 3 5 2  - 3  • 6 5 4 9 3 9 E - 0 3  - 3 .  4 7 6 0 6 9 E - 0 2  - 1  . 2 5 7 3 9 7 E - 0 2  
A l O O  1 . 0 3 6 0 0  8 3 2 0  0. 8 2 8 5 7  4  . 7 9 8 1 4 0 E - 0 3  - 8 .  0 5 1 1 8 1 E - 0 2  - 2  •  2 1 5 9 4 5 E -0 2  
A 2 0 0  1 . 0 0 6 0 0  8 2 0 0  1 .  0 0 6 0 0  - 5  . 2 2 4 5 7 8 E - 0 3  - 1 .  5 4 O O O 5 E - 0 2  - 1  . 5 4 0 0 0 5 E -0 2  
A 2 0 0  1 . 0 0 6 0 0  8 2 1 0  0. 8 0 3 5 2  - 1  . 4 8 6 9 0 3 E - 0 3  - 4 .  5 0 8 6 8 2 E - 0 2  - 2  •  7 4 9 5 2 1 E -0 2  
A 2 0 0  1 . 0 0 6 0 0  8 3 2 0  0. 8 2 8 5 7  I  . 4 4 7 2 5 7 E - 0 2  - 8 .  7 9 3 0 8 8 E -0 2  - 3  . 7 2 5 0 0 0 E -0 2  
A 2 1 0  0 . 8 0 3 5 2  8 2 1 0  0. 8 0 3 5 2  1  . 4 9 5 1 3 2 E - 0 2  —  5  .  2 6 4 2 3 9 E -0 2  - 5  . 2 6 4 2 3 9 E -0 2  
A 2 1 0  0 . 8 0 3 5 2  B 3 2 0  0. 8 2 8 5 7  3  . 9 6 7 1 6 8 E - 0 2  - 6 .  9 2 1 2 3 7 E -0 2  - 4  . 6 5 6 9 4 3 E -0 2  
A  3 2 0  0 . 8 2 8 5 7  8 3 2 0  0. 8 2 8 5 7  5  . 1 3 3 5 4 5 E - 0 2  - 4 .  0 4 9 6 2 5 E -0 2  - 4  . 0 4 9 6 2 5 E -0 2  
( X ,  Y )  
I . O O O O O O E  +  O O  
8 • 5 3 0 2 5 6 E — 0 1  
0. 
0. 
I . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
8 . 0 9 5 0 6 8 E - 0 3  
2 . 4 6 7 3 4 0 E - 0 2  
7 . 3 9 1 6 2 7 E - 0 2  
1 . 4 6 4 8 7 3 E - 0 1  
6 . 0 4 2 4 7 0 E — 0 2  
1 . 4 1 4 7 9 8 C - 0 1  
2 • 2 7 5 8 0 3 E — 0 1  
2 . 1 5 7 4 4 5 E - 0 1  
2 . 2 1 6 5 5 7 E - 0 1  
1 . 4 3 6 9 8 4 E - 0 1  
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TABLE 26. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 _ 
LOWEST Z STATE INTERNUCLEAR SEPARATION 10.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.00500 
200 0.009421 0.91023 
210 0.024414 0.79127 
320 0.005037 0.79554 





KINETIC POTENTIAL TOTAL 
4.96548E-01 -9.97122E-01 -5.00575E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -6.25741E-04 6.26363E-04 6.22123E-07 
P —1.09656E—04 3.54501E-04 2.44844E-04 
D -4.58323E-06 1.83476E-05 1.37643E-05 
TOTAL —7.39980E—04 9.99211E-04 2.59231E-04 
QUASI-CLASSICAL ENERGY 
S S 3.07336E—08 3.07336E-08 
S P —4.68961E-04 -4.68961E-04 
S D -2.03535E-05 -2.03535E-05 
P  P  . . . . . .  — 2 . 8 0 4 7 4 E — 0 6  — 2 . 8 0 4 7 4 E — 0 6  
P D -4.93415E-06 -4.93415E-06 
0 0 -2.09414E-07 -2.09414E-07 
TOTAL -4.97232E-04 -4.97232E-04 
INTERFERENCE ENERGY 




TABLE 26 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  
O F  X  O F  Y  
A l O O  1 . 0 0 5 0 0  A l O O  1 .  0 0 5 0 0  5  . 0 5 0 1 2 3 E -0 1  
A l O O  1 . 0 0 5 0 0  A 2 0 0  0 .  9 1 0 2 3  1  . 1 2 0 2 4 0 E -0 1  
A l O O  1 . 0 0 5 0 0  A 2 1 0  0 .  7 9 1 2 7  0  e 
A l O O  1 . 0 0 5 0 0  A 3 2 0  0 .  7 9 5 5 4  0  # 
A 2 0 0  0 . 9 1 0 2 3  A 2 0 0  0 .  9 1 0 2 3  1  . 3 8 0 8 6 3 E -0 1  
A 2 0 0  0 . 9 1 0 2 3  A 2 1 0  0 .  7 9 1 2 7  0  # 
A 2 0 0  0 . 9 1 0 2 3  A 3 2 0  0 .  7 9 5 5 4  0  
A 2 1 0  0 . 7 9 1 2 7  A 2 1 0  0 .  7 9 1 2 7  3  . 1 3 0 5 3 8 E - 0 1  
A 2 1 0  0 . 7 9 1 2 7  A 3 2 0  0 .  7 9 5 5 4  0  
A  3 2 0  0 . 7 9 5 5 4  A 3 2 0  0 .  7 9 5 5 4  3  . 1 6 4 4 1 6 E - 0 1  
A l O O  1 . 0 0 5 0 0  B 1 0 0  1 .  0 0 5 0 0  - 4  • 9 3 2 7 2 7 E - 0 4  
A l O O  1 . 0 0 5 0 0  B 2 0 0  0 .  9 1 0 2 3  - 1  . 4 8 8 8 2 7 E - 0 3  
A l O O  1 . 0 0 5 0 0  B 2 1 0  0 .  7 9 1 2 7  - 2  . 4 5 1 8 1 5 E - 0 3  
A l O O  1 . 0 0 5 0 0  B 3 2 0  0 .  7 9 5 5 4  - 1  . 4 9 5 2 2 7 E - 0 3  
A 2 0 0  0 . 9 1 0 2 3  B 2 0 0  0 .  9 1 0 2 3  - 3  . 0 1 7 5 2 5 E - 0 3  
A 2 0 0  0 . 9 1 0 2 3  8 2 1 0  0 .  7 9 1 2 7  - 3  . 0 9 1 6 6 5 E - 0 3  
A 2 0 0  0 . 9 1 0 2 3  B 3 2 0  0 .  7 9 5 5 4  2  . 0 9 6 7 9 0 E - 0 3  
A 2 1 0  0 . 7 9 1 2 7  B 2 1 0  0 .  7 9 1 2 7  7  . 4 4 0 6 5 9 E - 0 4  
A 2 1 0  0 . 7 9 1 2 7  B 3 2 0  0 .  7 9 5 5 4  1  • 3 5 6 8 0 9 E - 0 2  
A  3 2 0  0 . 7 9 5 5 4  B 3 2 0  0 .  7 9 5 5 4  2  . 9 3 8 7 6 0 E - 0 2  
( X  »  V A  Y )  
- 1 . 0 0 5 0 0 0 E + 0 0  
• 5 . 2 3 5 9 2 4 E - 0 1  
•0 .  
•0. 
4 . 5 5 1 1 4 8 E - 0 1  
•0.  
•0 .  
- 3 . 9 5 6 3 4 8 E - 0 1  
-0. 
• 2 . 6 5 1 7 9 8 E - 0 1  
- 4 . 7 9 5 8 8 5 E - 0 4  
- 3 . 3 1 4 0 0 5 E - 0 3  
- 1 . 0 7 5 1 5 3 E - 0 2  
- 3 . 2 7 1 4 3 2 E - 0 2  
• 6 . 6 2 7 9 7 8 E - 0 3  
- 1 . 7 0 0 2 8 4 E - 0 2  
- 4 » 1 3 6 2 3 0 E — 0 2  
- 2 . 2 6 2 6 1 2 E - 0 2  
- 4 . 0 5 8 6 7 1 E — 0 2  
- 3 . 3 2 7 8 4 3 E - 0 2  
( X , V B  Y )  
- 9 . 9 9 9 9 9 7 E — 0 2  
- 8 . 2 0 1 5 0 5 E - 0 2  
• 9 . 6 0 1 6 7 0 E - 0 3  
• 2  .  0 0 1 8 9 0 E - 0 3  
• 9  .  9 9 9 9 5 4 E - 0 2  
- 1 . 6 7 5 7 3 1 E - 0 2  
- 5 . 4 2 6 2 2 9 E - 0 3  
- 1 . 0 4 7 8 1 6 E - 0 1  
- 2 . 0 3 8 5 6 6 E - 0 2  
• 1  •  0 8 3 8 7 0 E - 0  L  
• 4 . 7 9 5  8 8 5 E - 0 4  
• 1 . 5 3 3 9 2 9 E - 0 3  
- 3 . 6 4 3 6 2 3 E — 0 3  
• 8  . 3 9 8 0 8 8 E — 0 3  
• 6 . 6 2 7 9 7 8 E - 0 3  
- 1 . 1 3 3 2 7 2 E - 0 2  
- 1 . 8 4 7 9 7 1 E - 0 2  
• 2 . 2 6 2 6 1 2 E - 0 2  
• 2 . 7  1 4 2  3 0 E - 0 2  
- 3 . 3 2 7 8 4 3 E - 0 2  
(  X ,  Y  )  
1 . O O O O O O E + O O  
8 . 2 0 1 5 0 7 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
1 . 9 3 1 1 5 9 E - 0 3  
9 . 5 4 3 1 3 4 E - 0 3  
2  .  6 2 5 1 0 3 E - 0 2  
6 . 8 0 6 3 9 0 E - 0 2  
3  . 1 5 5 8 0 0 E - 0 2  
6 . 7 1 6 4 5 6 G - 0 2  
1 . 3 2 7 4 8 7 E - 0 1  
1 . 1 2 0 0 2 0 E - 0 1  
1 . 6 l 8 3 1 5 E — 0 1  
1  . 5 8 1 1 8 7 E - 0 1  
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LOWEST IT  STATE INTERNUCLEAR SEPARATION 2.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
211 1.000000 0.86999 
311 0.285298 1.14827 
321 0.156980 1.10000 
431 0.012462 1.60025 





KINETIC POTENTIAL TOTAL 
3.38268E-01 -2.67038E-01 7.12302E-02 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 2.27794E-01 -1.69108E-01 5.86856E-02 
0 7.07817E-03 -1.72039E-03 5.35778E-03 
F 1.07374E-04 -1.39456E-05 9.34283E-05 
TOTAL 2.34979E-01 -1.70843E-01 6.41368E-02 
QUASI-CLASSICAL ENERGY 
P P 1.70504E—01 1.70504E-01 
P 0 —1.99619E—02 -1.99619E-02 
P F —7.98438E—04 -7.98438E-04 
0 0 2.27061E-03 2.27061E-03 
0 F -2.70525E-04 -2.70525E-04 
FF 9.07118E-06 9.07118E-06 
TOTAL 1.51753E-01 1.51753E-01 
INTERFERENCE ENERGY 







X EXPONENT Y EXPONENT (X,T Y) 
OF X OF Y 
A211 0.86999 A211 0.86999 3 .784375E- 01 
A211 0.86999 A311 1.14827 3 .206880E- 01 
A 211 0.86999 A321 1.10000 0 
A 2 11 0.86999 A431 1.60025 0 e 
A 311 1.14827 A3! 1 1.14827 3 .076554E- 01 
A 3 11 1.14827 A321 1.10000 0 
A311 1.14827 A431 1.60025 0 
A 32 1 1.10000 A321 I .10000 6 .  049994E-01 
A321 1.10000 A4 31 1.60025 0 e 
A431 1.60025 A431 1.60025 I  .2 80 399E + 00 
A211 0.86999 B211 0.86999 2 .123036E-01 
A 211 0.86999 B311 1.14827 2 .085108E-01 
A211 0.86999 B321 1.10000 2 .  717430E- 01 
A211 0.86999 B431 1.60025 2 •572415E- 01 
A 311 1.  14827 B311 1.14827 2 .073909E- 01 
A 3 11 1.14827 B321 1.10000 2 .340173E- 01 
A 311 1. 14827 8431 1.60025 1 .564218E-01 
A 321 1.10000 B321 1.10000 6 .459755E- 03 
A 32 1 1.10000 8431 1.60025 -1 •732002E- 01 
A431 1.60025 B431 1.60025 -1 .906493E- 01 
CONTINUED) . 
IC ORBITALS X AND Y 





3 .  827566E-01 
0. 
0. 
3.666665E—0 I  
0. 
4.000622E-01 





















































TABLE 28. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 
LOWEST H STATE INTERNUCLEAR SEPARATION 3.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
211 1.000000 0.81426 
311 0.455510 1.00440 
321 0.254174 0.93275 
431 0.034665 1.16344 





KINETIC POTENTIAL TOTAL 
2.69400E—01 -3.22501E-01 -5.31001E-02 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 1.61888E—01 -  1.27535E-01 3.43532E-02 
0 9.24235E-03 -1.81610E-03 7.42624E-03 
F 3.05987E-04 -2.26580E-05 2.83329E-04 
TOTAL 1.71436E-01 -1.29374E-01 4.20627E-02 
QUASI-CLASSICAL ENERGY 
P P 7.45806E—02 7.45806E-02 
P 0 -2.26521E-02 -2.26521E-02 
P F -1.46990E-03 -1.46990E-03 
0 0 I .85742E—03 1.85742E-03 
OF -7.33082E-04 -7.33082E-04 
FF 2.65081E-05 2.65081E-05 
TOTAL 5.16095E-02 5.16095E-02 
INTERFERENCE ENERGY 




TABLE 28 (CONTINUED) • 

































































































6 .  767952E-01 










(X,VA Y) (X,V8 Y) ( X ,  Y )  
-4 .071299E-01 -2 • 613 797E- 01 1 
-3 • 568148E- 01 -2 .483843E-•01 9 
-0 — 6 •596296E- 02 0 
-0 -3 .116649E- 02 0 
-3 .347998E-01 -2 .463573E- 01 1 
-0 , ~6 .7174212- 02 0 
-0 * -3 •244064E-•02 0 
-3 .109165E-01 -2 .  710310E-01 1 
-0 -9 .014818E- 02 0 
-2 .  908598E- 01 -2 •855305E- 01 1 
-1 .922179E-01 -1 .922179E-01 5 
-1 .999452E-01 -1 .893335E- 01 6 
-2 .358443E- 01 -1 .  585209E-01 5 
-2 .074417E-01 -1 .008627E- 01 3 
-1 .978200E-01 -1 .  978200E-01 6 
-2 .128620E-01 -1 .485645E-01 5 
-1 .637487E-01 -7 .877460E-02 3 
-3 .  114924E-02 -3 .114924E-02 -2 5 .  825046E-02 4 .986751E-02 -2 3 •  802612E- 02 3 .802612E- 02 -1 
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TABLE 29. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-1 ON. 
2. 
































BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 1.15508E-01 —9.56031E-02 1.99052E-02 
0 9.19651E—03 -1.05854E-03 8.13797E-03 
F 5.21258E-04 7.57820E-06 5.28836E-04 
TOTAL 1.25226E-01 -9.66540E-02 2.85721E-02 
QUASI-CLASSICAL ENERGY 
P P 3.98831E-02 3.98831E-02 
P 0 -2.14709E-02 -2.14709E-02 
P F -1.85534E-03 -1.85534E-03 
D D 1.23899E-03 1.23899E-03 
0 F -1.16718E—03 -1.16718E-03 
FF 2.95397E-05 2.95397E-05 
TOTAL 1.66582E—02 1.66582E-02 
INTERFERENCE ENERGY 
—2.89806E—02 7.95678E-03 -2.10238E-02 
BINDING ENERGY 
9.62455E-02 -7.20390E-02 2.42065E-02 
TABLE 29 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B  I T A L  O R B I T A L  



















O F  X  O F  Y  
A 2 1 1  0 . 7 9 0 8 0  A 2 1 1  0 .  7 9 0 8 0  3  .  1 2 6 8 2 1 6 - 0 1  - 3  . 9 5 3 9 9 9 6 -0 1  - 2  . 1 4 6 1 4 3 6 - 0 1  
A 2 1 1  0 . 7 9 0 8 0  A 3  1 1  0 .  8 8 8 9 0  2  . 0 9 4 5 0 3 6 - 0 1  - 3  . 2 1 8 1 9 5 E - 0 1  - 1  . 9 8 0 8 8 1 6 - 0 1  
A 2 1 1  0 . 7 9 0 8 0  A 3 2 1  0 .  8 2 4 0 9  0  - 0  - 5  . 1 1 6 1 4 1 6 - 0 2  
A 2 1 1  0 . 7 9 0 8 0  A 4 3 1  0 .  9 7 9 3 8  0  . - 0  - 2  . 3 3 6 2 7 4 6 - 0 2  
A 3 1 1  0 . 8 8 8 9 0  A 3  1 1  0 .  8 8 8 9 0  1  . 8 4 3 6 6 3 E - 0 1  - 2  . 9 6 2 9 9 8 6 - 0 1  - I  . 9 9 4 2 0 4 6 - 0 1  
A  3  1 1  0 . 8 8 8 9 0  A 3 2 1  0 .  8 2 4 0 9  0  e - 0  , - 5  . 4 4 0 9 9 9 6 -• 0 2  
A  3 1 1  0 . 8 8 8 9 0  A 4 3 1  0 .  9 7 9 3 8  0  e - 0  , - 2  . 6 1 1 3 9 8 6 - 0 2  
A  3 2  1  0 . 8 2 4 0 9  A 3 2 1  0 .  8 2 4 0 9  3  . 3 9 5 6 1 9 6 - 0 1  - 2  . 7 4 6 9 6 6 E - 0 1  - 2  . 2 1 0 9 3 4 6 -0 1  
A 3 2 1  0 . 8 2 4 0 9  A 4 3 1  0 .  9 7 9 3 8  0  * - 0  * - 7  .  3 5 2 0 5 6 E -0 2  
A 4  3 1  0 . 9 7 9 3 8  A 4  3 1  0 .  9 7 9 3 8  4  . 7 9 5 9 2 0 6 -0 1  - 2  .  4 4 8 4 4 8 E - 0 1  - 2  . 2 9 9 0 5 2 6 -0 1  
A 2 1 1  0 . 7 9 0 8 0  B 2 1 1  0 .  7 9 0 8 0  6  . 2 4 3 2 8 2 6 -0 2  - 1  . 2  5 3 8 6  I E -0 1  - I  . 2 5 3 8 6 1 6 - 0 1  
A 2 1 1  0 . 7 9 0 8 0  8 3 1 1  0 .  8 8 8 9 0  6  . 7 6 1 5 5 6 6 -0 2  - 1  . 4 0 4 6 6 1 6 -0 1  - 1  . 2 7 9 7 5 1 6 -0 1  
A 2 1 1  0 . 7 9 0 8 0  0 3 2 1  0 .  8 2 4 0 9  1  . 3 3 0 9 5 2 6 - 0 1  - 1  . 9 3 3 6 4 5 6 -0 1  - I  . 2 9 7 0 8 3 6 -0 1  
A 2 1 1  0 . 7 9 0 8 0  B 4 3 1  0 .  9 7 9 3 8  1  . 7 0 0 0 5 2 6 - 0 1  - 1  . 9 5 7 1 3 7 6 - 0 1  - 9  . 8 0 2  7 5 9 E - 0 2  
A 3  1 1  0 . 8 8 8 9 0  B 3 1 1  0 .  8 8 8 9 0  7  . 2 5 6 2 7 4 E - 0 2  - 1  . 4 4 2 5  3 3 E -0 1  - 1  . 4 4 2  5 3 3 E -0 1  
A 3  1 1  0 . 8 8 8 9 0  8 3 2 1  0 .  8 2 4 0 9  1  . 1 9 9 6 1 2 6 - 0 1  - 1  . 7 5 1 0 9 8 6 -0 1  - 1  . 2 4 7 3 7 6 6 -0 1  
A  3 1 1  0 . 8 8 8 9 0  8 4 3 1  0 .  9 7 9 3 8  1  . 2 2 4 4 8 4 6 -0 1  - 1  . 5 2 5 3 6 3 6 -0 1  - 7  . 7 1 0 7 5 5 E -0 2  
A  3 2  1  0 . 8 2 4 0 9  B 3 2 1  0 .  8 2 4 0 9  I  . 0 9 6 2 4 9 6 - 0 1  —  6  . 2 8 1 6 8 8 6 -0 2  —  6  . 2 8 1 6 8 8 6 -0 2  
A  3 2  1  0 . 8 2 4 0 9  B 4 3 1  0 .  9 7 9 3 8  2  . 4 1 4 5 3 7 6 - 0 2  i  . 4 0 3 7 3 3 6 -0 2  1  . 5 0 5  3 5 8 E -0 2  
A 4 3 1  0 . 9 7 9 3 8  B 4 3 1  0 .  9 7 9 3 8  - 5  . 0 5 9 6 8 3 6 -0 2  3  . 1 0 3 9 0 2 6 -0 2  3  . 1 0 3 9 0 2 E -0 2  
(  X  ,  Y  )  
1 . O O O O O O E + O O  
9 . 5 7 9 6 7 2 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
4 . 3 4 5 5 5 5 E - 0 1  
4 . 9 4 2 5 7 5 E - 0 1  
5 . 5 2 4 1 3 9 6 - 0 1  
4 . 4 6 2 5 3 5 6 - 0 1  
5 . 6 8 6 8 8 8 E — 0 1  
5 . 5 4 9 0 2 0 E - 0 1  
3 . 7 4 5 3 0 4 E - 0 1  
1 . 3 4 5 1 2 5 6 - 0 1  
•  1 . 7 3 3 0 9 8 E - 0 1  
• 1 . 4 8 0 4 0 6 E - 0 1  
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T A B L E  3 0 .  L C A O  W A V E  F U N C T I O N  F O R  T H E  H Y D R O G E N  M O L E C U L E - I O N  
L O W E S T  Ï Ï  S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  6 . 0 0 0 0  A . U .  
U  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
2 1 1  1 . 0 0 0 0 0 0  1 . 0 8 4 1 4  
3 1 1  4 . 0 8 1 9 0 7  0 . 8 0 0 8 5  
3 2 1  1 . 1 7 9 6 6 5  0 . 6 9 2 6 3  
4 3 1  0 . 2 7 7 5 4 0  0 . 8 2 1 1 1  
N O R M A L I Z I N G  A - B  O V E R L A P  5 . 7 8 2 1 7 E - 0 1  
F A C T O R S  
M O L E C U L A R  1 . 1 2 3 2 2 E - 0 1  
A T O M I C  1 . 9 9 5 5 5 E - 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 6 3 4 3 6 E — 0 1  - 2 . 9 3 6 7 5 E - 0 1  - 1 . 3 0 2 3 9 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
P  5 . 9 7 3 3 7 E - 0 2  - 5 . 3 1 2 6 8 E - 0 2  6 . 6 0 6 9 1 E - 0 3  
0  6 . 3 6 5 4 8 E - 0 3  1 . 0 5 9 8 4 E - 0 3  7 . 4 2 5 3 2 E - 0 3  
F  6 . 5 0 6 4 2 E - 0 4  1 . 3 7 1 8 3 E - 0 4  7 . 8 7 8 2 5 E - 0 4  
T O T A L  6 . 6 7 4 9 8 E - 0 2  - 5 . 1 9 2 9 8 E - 0 2  1 . 4 8 2 0 1 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
P  P  1 . 5 9 8 0 9 E — 0 2  1 . 5 9 8 0 9 E - 0 2  
P  0  - 1 . 6 0 9 4 6 E - 0 2  - 1 . 6 0 9 4 6 E - 0 2  
P  F  — 1 . 7 1 1 4 I E — 0 3  — 1 . 7 1 1 4 1 E - 0 3  
D  D  3 . 7 8 9 2 8 E — 0 4  3 . 7 8 9 2 8 E - 0 4  
0  F  - 1 . 3 5 2 8 0 E — 0 3  - 1 . 3 5 2 8 0 E - 0 3  
F F  - 6 . 2 4 4 8 5 E — 0 6  - 6 . 2 4 4 8 5 E - 0 6  
T O T A L  - 2 . 8 0 5 2 8 E — 0 3  - 2 . 8 0 5 2 8 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 2 . 8 3 1 3 8 E - 0 2  1 . 1 0 6 0 0 E - 0 2  - 1 . 7 2 5 3 8 E - 0 2  
3 . 8 4 3 6 0 E — 0 2  
BINDING ENERGY 
-4.36750E—02 -5.23906E-03 
TABLE 30 (CONTINUED) 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  I X , T  Y )  ( X i V A  Y )  
O F  X  O F  Y  
A 2 1 1  1 . 0 8 4 1 4  A 2 1 1  1 .  0 8 4 1 4  5  . 8 7 6 8 1 6 E -0 1  —  5  • 4 2 0 7 0 8 E - 0 1  
A 2 1 1  1 . 0 8 4 1 4  A 3 1 1  0. 8 0 0 8 5  I  • 6 8 3 2 6 9 E - 0 1  - 2  • 7 6 1 9 7 6 E -0 1  
A 2 1 1  1 . 0 8 4 1 4  A 3 2 1  0. 6 9 2 6 3  0  - 0  
A 2 1 1  1 . 0 8 4 1 4  A 4 3 1  0. 8 2 1 1 1  0  - 0  
A 3 1 1  0 . 8 0 0 8 5  A 3  I I  0. 8 0 0 8 5  1  • 4 9 6 5 2 5 E -0 1  - 2  . 6 6 9 5 1 5 E -0 1  
A 3 1 1  0 . 8 0 0 8 5  A 3 2 1  0. 6 9 2 6 3  0  e - 0  
A 3 1 1  0 . 8 0 0 8 5  A 4 3 1  0. 8 2 1 1 1  0  e - 0  
A 3 2 1  0 . 6 9 2 6 3  A 3 2 1  0. 6 9 2 6 3  2  . 3 9 8 6 5 1 E - 0 1  - 2  • 3 0 8 7 5 2 E - 0 1  
A 3 2 1  0 . 6 9 2 6 3  A 4  3 1  0. 8 2 1 1 1  0  -0 
A 4 3 1  0 . 8 2 1 1 1  A 4 3 1  0. 8 2 1 1 1  3  . 3 7 1 1 1 9 E - 0 1  - 2  I 0 5 2 7 7 8 E - 0 1  
A 2 1 1  1 . 0 8 4 1 4  B 2 1 1  1 .  0 8 4 1 4  3  .  8 5 9 8 3 7 E - 0 4  
- 1  . 7 5 2 5 6 4 E - 0 2  
A 2 1 1  1 . 0 8 4 1 4  B 3 1 1  0. 8 0 0 8 5  I  . 1 4 3 7 8 8 E - 0 2  - 4  . 8 8 3 8 5 1 E - 0 2  
A 2 1 1  1 . 0 8 4 1 4  B 3 2 1  0. 6 9 2 6 3  4  . 2 3 3 0 8 1 E - 0 2  
- 1  • 0 0 3 5 5 7 E -0 1  
A 2 1 1  1 . 0 8 4 1 4  B 4 3 1  0. 8 2 I U  8  . 8 3 3 2 2 2 E - 0 2  - 1  . 4 2 4 8 9 9 E -0 1  
A 3 1 1  0 . 8 0 0 8 5  B 3 1 1  0. 8 0 0 8 5  2  . 7 5 8 5 3 5 E - 0 2  - 7  • 6 2 9 6 2 0 E - 0 2  
A 3 1 1  0 . 8 0 0 8 5  8 3 2 1  0. 6 9 2 6 3  6  . 3 1 1 0 6 0 E - 0 2  - 1  . 1 9 9 4 3 9 E -0 1  
A 3 1 1  0 . 8 0 0 8 5  B 4 3 1  0. 8 2 1 1 1  8  . 4 5 6 8 7 6 E - 0 2  - 1  . 2 7 3 1 5 5 E -0 1  
A  3 2  1  0 . 6 9 2 6 3  8 3 2 1  0. 6 9 2 6 3  8  . 4 0 3 6 7 7 E -0 2  - 7  • 5 4 2 8 3 4 E -0 2  
A 3 2 1  0 . 6 9 2 6 3  8 4 3 1  0. 8 2 1 1 1  6  . 4 4 4 3 3 9 E -0 2  - 3  . 6 7 2 4 5 3 E -0 2  
A 4 3 1  0 . 8 2 1 1 1  8 4 3 1  0. 8 2 1 1 1  1  •  6 0 1 8 8 4 E -0 2  4  . 8 6 0 4 6 2 E -0 3  
( X  »  V B  Y )  
- 1 . 6 0 7 6 0 4 E - 0 1  
• 1 . 1 U 1 0 9 E - 0 1  
- 2 . 0 3 9 0 3 7 E - 0 2  
- 7 . 5 2 2 7 9 1 E - 0 3  
- 1 . 4 6 8 5 2 1 E - 0 1  
- 3 . 6 8 4 8 7 6 E - 0 2  
1 . 7 1 2 4 4 7 E - 0 2  
• 1 . 5 9 8 2 8 9 E - 0 1  
- 5 . 1 8 7 9 3 5 E — 0 2  
- 1 . 6 8 7 0 2 5 E - 0 1  
- 1 . 7 5 2 5 6 4 E - 0 2  
- 3 . 2 4 1 5 8 0 E - 0 2  
- 5 . 4 7 9 9 9 8 E - 0 2  
- 6 • 5 4 2 6 6 0 E — 0 2  
- 7 . 6 2 9 6 2 0 E - 0 2  
- 8 . 6 6 7 8 9 4 E - 0 2  
• 6 . 8 9 7 1 4 5 E — 0 2  
- 7 . 5 4 2 8 3 3 E - 0 2  
• 2 . 4 6 9 8 1 3 E - 0 2  
4 . 8 6 0 4 6 1 E - 0 3  
(  X  »  Y  )  
I . O O O O O O E + O O  
7 . 3 2 6 2 0 8 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
6 . 4 0 0 4 9 9 E - 0 2  
1 . 6 0 7 2 9 6 E - 0 1  
2 . 9 8 2 3 7 6 E - 0 1  
3 . 7 5 4 1 7 8 E - 0 1  
3 . 6 8 1 0 2 5 E - 0 1  
4 . 8 7 7 6 4 0 E - 0 1  
4 . 2 1 1 1 8 7 E - 0 1  
3 . 0 3 0 6 2 2 E - 0 1  
4 «  9 4 6 8 1 5 E - 0 2  
• 9 . 4 8 7 2 7 2 E - 0 2  
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TABLE 31. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
2. 
L O W E S T  7T S T A T E  
U  
A T O M I C  
O R B I T A L S  
211  
3 1 1  
3 2 1  
4 3 1  
I N T E R N U C L E A R  S E P A R A T I O N  7 . 5 0 0 0  A . U .  
O R B I T /  
C O E F F I C I E N T S  
1.000000 
4 . 2 4 5 6 0 5  
1 . 2 4 3 4 2 7  
0 . 3 3 5 1 4 3  
A L  
E X P O N E N T S  
1 . 0 4 3 9 0  
0 . 7 4 4 1 1  
0 . 6 2 3 4 4  
0 . 7 2 7 6 8  
N O R M A L I Z I N G  
F A C T O R S  
M O L E C U L A R  1 . 1 2 8 1 2 E - 0 1  
A T O M I C  1 . 9 3 5 5 9 E - 0 1  
A - B  O V E R L A P  
(DE/DR) 
VIRIAL DEFECT 
4 . 7 1 9 3 5 E — 0 1  
-6.590000E-04 
7.361400E-05 
K I N E T I C  
1 . 3 9 2 6 9 E - 0 1  
M O L E C U L A R  E N E R G Y  
P O T E N T I A L  
- 2 . 7 3 5 2 0 E - 0 1  
T O T A L  
- 1 . 3 4 2 5 1 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
P  3 . 5 8 3 7 8 E - 0 2  - 3 . 3 0 8 3 2 E - 0 2  2 . 7 5 4 6 0 E - 0 3  
0  4 . 0 1 6 4 3 E - 0 3  2 . 4 4 3 7 0 E - 0 3  6 . 4 6 0 1 3 E - 0 3  
F  5 . 8 8 1 1 4 E — 0 4  2 . 8 6 4 9 4 E - 0 4  8 . 7 4 6 0 8 E - 0 4  
T O T A L  4 . 0 4 4 2 3 E - 0 2  - 3 . 0 3 5 3 0 E - 0 2  1 . 0 0 8 9 3 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
P  P  9 . 5 5 9 8 4 E - 0 3  9 . 5 5 9 8 4 E - 0 3  
P  0  - 1 . 2 5 4 8 6 E - 0 2  - 1 . 2 5 4 8 6 E - 0 2  
P  F  - 1 . 4 5 2 3 4 E — 0 3  - 1 . 4 5 2 3 4 E - 0 3  
0  0  1 . 2 5 5 6 5 E - 0 4  1 . 2 5 5 6 5 E - 0 4  
O F  - 1 . 2 7 5 8 4 E - 0 3  - 1 . 2 7 5 8 4 E - 0 3  
F F  - 2 . 0 5 8 7 7 E - 0 5  - 2 . 0 5 8 7 7 E - 0 5  
T O T A L  - 5 . 6 1 1 9 3 E - 0 3  - 5 . 6 1 1 9 3 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 2 . 6 1 7 2 9 E - 0 2  1 . 2 4 4 4 6 E - 0 2  - 1 . 3 7 2 8 2 E - 0 2  
B I N D I N G  E N E R G Y  
1 . 4 2 6 9 4 E - 0 2  - 2 . 3 5 2 0 2 E - 0 2  - 9 . 2 5 0 8 2 E - 0 3  
TABLE 31 (CONTINUED) • 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  
O F  X  O F  Y  
A 2 1 1  1 . 0 4 3 9 0  A 2 1 1  1 .  0 4 3 9 0  5  • 4 4 8 6 4 3 E - 0 1  
A 2 1 1  1 . 0 4 3 9 0  A 3 1 1  0 .  7 4 4 1 1  1  . 4 2 7 3 7 7 6 -0 1  
A 2 1 1  1 . 0 4 3 9 0  A 3 2 1  0 .  6 2 3 4 4  0  
A 2 1 1  1 . 0 4 3 9 0  A 4 3 1  0 .  7 2 7 6 8  0  # 
A 3 1 1  0 . 7 4 4 1 1  A 3 1 1  0 .  7 4 4 1 1  1  • 2 9 1 9 7 4 E - 0 1  
A 3 1 1  0 . 7 4 4 1 1  A 3 2 1  0 .  6 2 3 4 4  0  
A 3 1 1  0 . 7 4 4 1 1  A 4 3 1  0 .  7 2 7 6 8  0  e 
A 3 2 1  0 . 6 2 3 4 4  A 3 2 1  0 .  6 2 3 4 4  1  . 9 4 3 3 7 9 6 -0 1  
A 3 2 1  0 . 6 2 3 4 4  A 4 3 1  0 .  7 2 7 6 8  0  
A 4 3 1  0 . 7 2 7 6 8  A 4 3 1  0 .  7 2 7 6 8  2  I 6 4 7 5 6 5 E -0 1  
A 2 1 1  1 . 0 4 3 9 0  B 2 1 1  1 .  0 4 3 9 0  - 1  . 4 7 8 4 3 5 6 - 0 3  
A 2 1 1  1 . 0 4 3 9 0  B 3 1 1  0 .  7 4 4 1 1  3  . 0 8 1 1 1 6 6 - 0 3  
A 2 1 1  1 . 0 4 3 9 0  B 3 2 1  0 .  6 2 3 4 4  1  . 8 4 3 8 5 6 E - 0 2  
A 2 1 1  1 . 0 4 3 9 0  B 4 3 1  0 .  7 2 7 6 8  4  • 5 2 8 5 5 3 E - 0 2  
A 3 1 1  0 . 7 4 4 1 1  B 3 1 1  0 .  7 4 4 1 1  1  • 3 1 2 5 5 6 E - 0 2  
A 3 1 1  0 . 7 4 4 1 1  B 3 2 1  0 .  6 2 3 4 4  3  . 8 1 2 3 9 9 E - 0 2  
A 3 1 1  0 . 7 4 4 1 1  8 4 3 1  0 .  7 2 7 6 8  5  . 9 0 2 2 9 8 E - 0 2  
A 3 2 1  0 . 6 2 3 4 4  8 3 2 1  0 .  6 2 3 4 4  6  . 1 3 9 4 3 9 E - 0 2  
A 3 2 1  0 . 6 2 3 4 4  B 4 3 1  0 .  7 2 7 6 8  5  . 9 1 5 5 3 3 E - 0 2  
A 4 3 1  0 . 7 2 7 6 8  B 4 3 1  0 .  7 2 7 6 8  3  . 1 4 8 0 8 7 E - 0 2  
( X » V A  Y )  
• 5 . 2 1 9 5 0 3 E - 0 1  
- 2 . 5 3 0 1 6 7 E - 0 1  
-0 .  
0. 
• 2 . 4 8 0 3 7 5 6 - 0 1  
-0. 
•0. 
- 2 . 0 7 8 1 2 9 E - 0 1  
- l l 8 1 9 1 9 1 E - 0 1  
- 6 . 0 7 7 5 0 3 E - 0 3  
- 2 . 6 1 8 7 0 0 E - 0 2  
- 6 . 3 0 4 6 2 0 E - 0 2  
- 9 . 7 8 4 5 7 5 E - 0 2  
- 4 . 8 3 9 2 7 8 E - 0 2  
- 8 . 8 6 2 2 1 9 E - 0 2  
- 1 . 0 4 2 0 8 9 E - 0 1  
• 6 . 8 6 4 2 6 0 E - 0 2  
• 4 . 6 5 1 1 9 0 E - 0 2  
• 8 . 0 9 4 7 8 8 6 - 0 3  
( X , V B  Y )  
- 1 . 3 0 0 7 0 6 E - 0 1  
- 8 • 9 9 3 4 4 3 E — 0 2  
• 1 . 4 0 4 2 0 4 E - 0 2  
- 4 . 4 5 6 0 7 3 E - 0 3  
1 . 2 1 4 3 2 7 E - 0 1  
• 2 • 8 4 1 5 6 9 E — 0 2  
• 1 . 2 5 7  2 4 I E — 0 2  
• 1 • 3 1 1 6 5 6 E — 0 1  
- 4 . 0 8 5 8 9 1 E - 0 2  
1 . 3 8 2 2 5 7 E - 0 1  
•  6 . 0 7 7 5 0 3 E — 0 3  
- 1 . 5 7 8 6 1 0 E - 0 2  
* 3 . 1 4 4 3 9 1 E — 0 2  
• 4 . 2 1 0 1 1 9 E - 0 2  
• 4 . 8 3 9 2 7 8 E — 0 2  
• 6 . 3 8 4 4 8 Î E - O 2  
• 5 . 7 6 0 0 2 9 E — 0 2  
• 6 . 8 6 4 2 6 0 E - 0 2  
• 3 . 3 3 5 2 2 5 E - 0 2  
• 8 . 0 9 4 7 8 8 E — 0 3  
( X ,  Y )  
1 . O O O O O O E + O O  
7 • 0 7 5 3 5 4 E — 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
2 . 6 0 0 1 0 6 E - 0 2  
9 . 4 6 8 8 0 3 E — 0 2  
2 . 0 7 7 3 8 6 E - 0 1  
2 . 9 1 8 1 0 2 E - 0 1  
2 . 6 7 4 8 9 3 E — 0 1  
4 . 1 8 2 7 1 3 6 - 0 1  
4 . 1 0 3 1 8 5 E - 0 1  
3 . 4 4 7 0 3 5 E — 0 1  
I • 4 3 2 3 8 4 E — 0 1  
•2•991160E—02 
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TABLE 32.^ LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION, 
INTERNUCLEAR SEPARATION 8.0000 A.U. 
C O E F F I C I E N T S  
L O W E S T  IT S T A T E  
U  
A T O M I C  
O R B I T A L S  
2 1 1  
3 1 1  
3 2 1  
4 3 1  
O R B I T A L  
E X P O N E N T S  
1.000000 
4 . 1 1 1 5 0 1  
1 . 2 0 5 0 3 0  
0 . 3 3 6 4 2 6  
1 . 0 1 9 8 8  
0 . 7 2 6 4 9  
0 . 6 0 4 2 1  
0 . 7 0 2 3 7  
N O R M A L I Z I N G  
F A C T O R S  
M O L E C U L A R  1 . 1 7 2 4 7 E - 0 1  
A T O M I C  1 . 9 8 8 7 4 E - 0 1  
A - B  O V E R L A P  
(DE /DR) 
VIRIAL DEFECT 
4 . 3 8 5 4 4 E — 0 1  
1.100000E-04 
-5.663000E-05 
K I N E T I C  
1 . 3 3 4 3 9 E - 0 1  
M O L E C U L A R  E N E R G Y  
P O T E N T I A L  
- 2 . 6 7 8 1 6 E - 0 1  
T O T A L  
— 1 . 3 4 3 7 7 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  

















T O T A L  
2 . 9 8 7 8 2 E - 0 2  
3 . 3 0 4 4 7 E - 0 3  
5 . 4 4 6 0 6 E — 0 4  
3 . 3 7 2 7 3 E - 0 2  
P R O M O T I O N A L  E N E R G Y  
- 2 . 7 8 6 9 7 E - 0 2  
2 . 7 9 0 9 3 E - 0 3  
3 . 3 3 0 8 8 E - 0 4  
- 2 . 4 7 4 5 7 E - 0 2  
2 . 0 0 8 5 1 E - 0 3  
6 . 0 9 5 4 0 E - 0 3  
8 . 7 7 6 9 4 E — 0 4  
8 . 9 8 1 6 0 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
8 . 2 3 9 0 9 E - 0 3  
- I . 1 5 0 1 9 E - 0 2  
- 1 . 3 5 4 4 3 E - 0 3  
7 . 7 5 7 0 0 E - 0 5  
- 1 . 2 1 7 5 5 E - 0 3  
- 2 . 3 3 7 6 6 E - 0 5  
- 5 . 7 8 0 5 6 E - 0 3  
8 . 2 3 9 0 9 E - 0 3  
- 1 . 1 5 0 1 9 E - 0 2  
- 1 . 3 5 4 4 3 E - 0 3  
7 . 7 5 7 0 0 E - 0 5  
— 1 . 2 1 7 5 5 E - 0 3  
- 2 . 3 3 7 6 6 E - 0 5  
- 5 . 7 8 0 5 6 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 2 . 5 2 8 8 4 E - 0 2  1 . 2 7 1 0 6 E - 0 2  - 1 . 2 5 7 7 8 E - 0 2  
8 . 4 3 8 8 8 E — 0 3  
B I N D I N G  E N E R G Y  
- 1 . 7 8 1 5 6 E - 0 2  — 9 . 3 7 6 7 6 E - 0 3  
TABLE 32 (CONTINUED) . 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  
O F  X  O F  Y  
A 2 1 1  1 . 0 1 9 8 8  A 2 1 1  1 . 0 1 9 8 8  5  . 2 0 0 7 4 0 E -0 1  - 5  
A 2 1 1  1 . 0 1 9 8 8  A 3 1 1  0 . 7 2 6 4 9  1  • 3 6 0 0 6 4 E -0 1  - 2  
A 2 1 1  1 . 0 1 9 8 8  A 3 2 1  0 . 6 0 4 2 1  0  - 0  
A 2 1 1  1 . 0 1 9 8 8  A 4 3 1  0 . 7 0 2 3 7  0  e - 0  
A 3 1 1  0 . 7 2 6 4 9  A 3 1 1  0 . 7 2 6 4 9  I  •  2 3 1 5 0 7 E -0 1  - 2  
A 3 1 1  0 . 7 2 6 4 9  A 3 2 1  0 . 6 0 4 2 1  0  - 0  
A 3 1 1  0 . 7 2 6 4 9  A 4 3 1  0 . 7 0 2 3 7  0  
- 0  
A 3 2 1  0 . 6 0 4 2 1  A 3 2 1  0 . 6 0 4 2 1  1  •  8 2 5 3 7 1 E -0 1  - 2  
A  3 2  1  0 . 6 0 4 2 1  A 4 3 1  0 . 7 0 2 3 7  0  - 0  
A 4 3 1  0 . 7 0 2 3 7  A 4 3 1  0 . 7 0 2 3 7  2  ' 4 6 6 5 9 3 E -0 1  - I  
A 2 1 1  1 . 0 1 9 8 8  B 2 1 1  1 . 0 1 9 8 8  - I  • 3 8 3 7 7 7 E - 0 3  - 4  
A 2 1 1  1 . 0 1 9 8 8  B 3 1 1  0 . 7 2 6 4 9  1  •  9 2 4 7 8 1 E - 0 3  - 2  
A 2 1 1  1 . 0 1 9 8 8  B 3 2 1  0 . 6 0 4 2 1  1  . 4 3 4 5 7 7 E -0 2  —  5  
A 2 1 1  1 . 0 1 9 8 8  B 4 3 1  0 . 7 0 2 3 7  3  . 6 8 8 2 7 4 E - 0 2  —  8  
A 3 1 1  0 . 7 2 6 4 9  B 3 1 1  0 . 7 2 6 4 9  1  • 0 2 4 3 4 4 E - 0 2  - 4  
A 3 1 1  0 . 7 2 6 4 9  B 3 2 1  0 . 6 0 4 2 1  3  . 2 2 8 4 2 3 E - 0 2  - 8  
A 3 1 1  0 . 7 2 6 4 9  B 4 3 1  0 . 7 0 2 3 7  5  • 2 0 9 6 6 3 E - 0 2  - 9  
A 3 2 1  0 . 6 0 4 2 1  B 3 2 1  0 . 6 0 4 2 1  5  • 5 0 4 1 7 7 E - 0 2  —  6  
A 3 2 1  0 . 6 0 4 2 1  B 4 3 1  0 . 7 0 2 3 7  5  • 6 0 3 8 6 8 E - 0 2  —  4  
A 4 3 1  0 . 7 0 2 3 7  B 4 3 1  0 . 7 0 2 3 7  3  • 3 6 5 2 4 6 E - 0 2  - 1  
( X t V A  Y )  ( X  »  V B  Y )  
- 1 . 2 2 1 8 3 4 E - 0 1  
- 8 . 4 5 7 9 3 3 E - 0 2  
- 1 . 2 7 0 5 8 4 E - 0 2  
- 3 . 9 0 6 6 4 9 E - 0 3  
- 1 . 1 4 6 9 2 9 E - 0 1  
- 2 . 6 2 5 7 9 5 E - 0 2  
- 1 . 1 4 2 8 6 0 E - 0 2  
- 1 . 2 3 6 4 9 4 E - 0 1  
- 3 . 7 9 6 7 4 3 E - 0 2  
- 1 . 3 0 2 2 2 1 E - 0 1  
- 4 . 5 7 4 2 9 1 E - 0 3  
- I • 2 8 8 5 0 2 E — 0 2  
- 2 . 6 8 2 9 2 9 E - 0 2  
- 3 . 6 8 8 8 I 6 E - 0 2  
- 4 . 1 8 9 4 8 5 E - 0 2  
- 5 . 7 6 6 9 9 7 E - 0 2  
- 5 . 3 8 1 4 1 0 E - 0 2  
- 6 . 5 6 1 8 4 8 E - 0 2  
- 3 . 4 5 2 4 5 4 E - 0 2  
- 1 . 1 2 0 3 1 1 E - 0 2  
(  X  »  Y )  
I . O O O O O O E + O O  
7 . 0 7 0 4 9 6 E — 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
I . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
2 . 0 6 0 1 2 9 E - 0 2  
8 . 1 7 7 1 7 6 E — 0 2  
1 . 8 7 8 3 0 8 E - 0 1  
2 . 7 0 6 2 9 4 E - 0 1  
2 . 4 1 6 4 1 1 E - 0 1  
3 . 9 5 8 1 3 8 E - 0 1  
4 . 0 1 7 3 7 2 E - 0 1  
3 . 5 0 0 7 1 2 E - 0 1  
1 . 6 6 0 4 6 2 E - 0 1  
- 8 . 8 2 8 6 2 7 E - 0 3  
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L O W E S T  î f  S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  8 . 5 0 0 0  A . U .  
U  
A T O M I C  O R B I T A L  
O R B  I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
2 1 1  1 . 0 0 0 0 0 0  1 . 0 0 0 0 7  
3 1 1  .  4 . 0 0 4 3 7 9  0 . 7 1 1 4 7  
3 2 1  1 . 1 6 7 0 0 9  0 . 5 8 7 1 5  
4 3 1  0 . 3 3 6 0 9 3  0 . 6 7 9 0 9  
N O R M A L I Z I N G  A - B  O V E R L A P  4 . 0 5 2 6 2 E - 0 1  
F A C T O R S  
(DE/DR) 6.410000E-04 
M O L E C U L A R  1 . 2 1 3 4 2 E - 0 1  
A T O M I C  2 . 0 3 4 2 5 E — 0 1  VIRIAL DEFECT -2.202000E-05 
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 2 8 7 1 3 E - 0 1  - 2 . 6 2 8 9 3 E - 0 1  - 1 . 3 4 1 8 1 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
P  2 . 4 8 9 7 6 E - 0 2  - 2 . 3 4 2 8 4 E - 0 2  1 . 4 6 9 3 0 E - 0 3  
0  2 . 6 6 9 7 0 E - 0 3  3 . 0 5 9 4 0 E - 0 3  5 . 7 2 9 0 9 E - 0 3  
F  4 . 9 3 5 2 2 E - 0 4  3 . 7 5 0 2 2 E - 0 4  8 . 6 8 5 4 4 E - 0 4  
T O T A L  2 . 8 0 6 0 9 E - 0 2  - 1 . 9 9 9 3 9 E - 0 2  8 . 0 6 6 9 4 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
P  P  7 . 1 4 7 4 0 E — 0 3  7 . 1 4 7 4 0 E - 0 3  
P  0  - 1 . 0 5 1 8 8 E - 0 2  — 1 . 0 5 1 8 8 E — 0 2  
P  F  - 1 . 2 5 3 7 0 E - 0 3  - 1 . 2 5 3 7 0 E - 0 3  
D O  4 . 0 7 4 7 6 E — 0 5  4 . 0 7 4 7 6 E - 0 5  
D  F  - 1 . 1 4 8 0 8 E — 0 3  - 1 . 1 4 8 0 8 E - 0 3  
F F  - 2 . 5 1 7 3 4 E - 0 5  - 2 . 5 1 7 3 4 E - 0 5  
T O T A L  - 5 . 7 5 7 5 7 E - 0 3  - 5 . 7 5 7 5 7 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 2 . 4 3 4 8 3 E - 0 2  1 . 2 8 5 8 2 E - 0 2  - 1 . 1 4 9 0 1 E - 0 2  
B I N D I N G  E N E R G Y  
3 . 7 1 2 5 8 E - 0 3  - 1 . 2 8 9 3 3 E - 0 2  - 9 . 1 8 0 6 9 E - 0 3  
TABLE 33 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  









O F  X  O F  Y  
A 2 1 1  1 . 0 0 0 0 7  A 2 1 1  I .  0 0 0 0 7  5  . 0 0 0 7 4 5 E -0 1  - 5  • 0 0 0 3 7 2 E - 0 1  
A 2 1 1  1 . 0 0 0 0 7  A 3 1 1  0 .  7 1 1 4 7  1  . 3 0 3 5 0 6 E -0 1  - 2  . 4 1 7 1 8 7 E -0 1  
A 2 1 1  1 . 0 0 0 0 7  A 3 2 1  0 .  5 8 7 1 5  0  e - 0  
A 2 1 1  1 . 0 0 0 0 7  A 4 3 1  0 .  6 7 9 0 9  0  # - 0  e 
A 3 1 1  0 . 7 1 1 4 7  A 3 1 1  0 .  7 1 1 4 7  1  . 1 8 1 1 2 0 E -0 1  - 2  . 3 7 1 5 7 8 E -0 1  
A 3 1 1  0 . 7 1 1 4 7  A 3 2 1  0 .  5 8 7 1 5  0  - 0  
A 3 1 1  0 . 7 1 1 4 7  A 4 3 1  0 .  6 7 9 0 9  0  - 0  
A 3 2 1  0 . 5 8 7 1 5  A 3 2 1  0 .  5 8 7 1 5  1  • 7 2 3 7 0 1 E -0 1  - 1  . 9 5 7 1 5 2 E -0 1  
A 3 2 1  0 . 5 8 7 1 5  A 4 3 1  0 .  6 7 9 0 9  0  - 0  
A 4 3 1  0 . 6 7 9 0 9  A 4 3 1  0 .  6 7 9 0 9  2  I 3 0 5 7 9 2 E - 0 1  - I  • 6 9 7 7 1 6 E -0 1  
A 2 1 1  1 . 0 0 0 0 7  B 2 1 1  1 .  0 0 0 0 7  - 1  . 2 3 8 5 8 7 E -0 3  - 3  . 4 1 5 0 8 3 E -0 3  
A 2 1 1  1 . 0 0 0 0 7  B 3 1 1  0 .  7 1 1 4 7  1  • 0 8 4 8 2 2 E - 0 3  - 1  . 8 0 6 9 5 1 E -0 2  
A 2 1 1  1 . 0 0 0 0 7  8 3 2 1  0 .  5 8 7 1 5  1  . 1 1 1 1 6 2 E - 0 2  - 4  . 7 8 1 9 3 4 E -0 2  
A 2 1 1  1 . 0 0 0 0 7  B 4 3 1  0 .  6 7 9 0 9  3  . 0 0 4 2 4 1 E - 0 2  - 7  . 7 5 3 7 9 8 E - 0 2  
A 3 1 1  0 . 7 1 1 4 7  B 3 1 1  0 .  7 1 1 4 7  7  . 9 1 0 0 1 8 E - 0 3  - 3  . 6 1 9 3 4 2 E -0 2  
A 3 1 1  0 . 7 1 1 4 7  B 3 2 1  0 .  5 8 7 1 5  2  . 7 3 1 9 1 6 E - 0 2  - 7  . 2 5 4 4 7 3 E - 0 2  
A 3 1 1  0 . 7 1 1 4 7  B 4 3 1  0 .  6 7 9 0 9  4  . 6 0 I 7 7 0 E -0 2  - 9  . 0 2 5 9 1 1 E -0 2  
A 3 2 1  0 . 5 8 7 1 5  B 3 2 1  0 .  5 8 7 1 5  4  . 9 3 2 7 4 1 E - 0 2  —  6  . 2 5 0 4 2 8 E - 0 2  
A 3 2 1  0 . 5 8 7 1 5  B 4 3 1  0 .  6 7 9 0 9  5  . 2 7 8 2 3 9 E - 0 2  - 4  . 8 1 3 7 7 8 E - 0 2  
A 4 3 1  0 . 6 7 9 0 9  B 4 3 1  0 .  6 7 9 0 9  3  . 4 8 2 6 2 3 E - 0 2  - 1  . 3 7 6 7 1 3 E -0 2  
( X  »  V B  Y )  
•  I  • 1 5 2 0 4 9 E - 0 1  
• 7 . 9 7 7 9 1 2 E — 0 2  
• 1  •  1 5 1 8 9 1 E — 0 2  
- 3 . 4 2 4 1 5 7 E - 0 3  
- 1 . 0 8 6 7 4 3 E - 0 1  
- 2 . 4 3 2 0 1 1 E - 0 2  
- 1 . 0 4 0 0 2 3 E — 0 2  
• 1 . 1 6 9 2 4 0 E - 0 1  
- 3 . 5 3 6 7 1 0 E - 0 2  
- 1 . 2 3 0 3 2 4 E - 0 1  
- 3 . 4 1 5 0 8 3 E - 0 3  
• 1 . 0 4 7 0 6 5 E — 0 2  
• 2 . 2 8 5 0 4 3 E - 0 2  
• 3 . 2 2 8 5 8 0 E - 0 2  
- 3 . 6 1 9 3 4 2 E - 0 2  
• 5 • 2 0 2 3 2 1 E - 0 2  
- 5 . 0 2 2 1 5 4 E - 0 2  
• 6 . 2 5 0 4 2 8 E - 0 2  
• 3 . 5 1 9 4 7 8 E - 0 2  
• 1  . 3 7 6 7 1 3 E - 0 2  
( X , Y )  
1 . O O O O O O E + O O  
7  .  0 6 1 4 0 2 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
I . 6 1 3 6 1 I E — 0 2  
7 . 0 1 0 3 2 8 E — 0 2  
1 . 6 9 0 4 3 1 E — 0 1  
2 . 5 0 0 5 2 9 E - 0 1  
2 .  1 7 2 2 8 3 E - 0 1  
3 . 7 3 1 3 0 1 E - 0 1  
3 . 9 2 0 6 2 0 E - 0 1  
3 . 5 2 5 5 5 2 E - 0 1  
1 .  8 5 7 0 1 1 E - 0 1  
1 . 1 1 4 6 2 1 E - 0 2  
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L O W E S T  IT S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  1 0 . 0 0 0 0  A . U .  
U  
A T O M I C  O R B I T A L  
O R B  I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
2 1 1  1 . 0 0 0 0 0 0  0 . 9 3 6 6 9  
3 1 1  3 . 5 5 1 0 8 4  0 . 6 7 4 2 5  
3 2 1  0 . 9 9 6 9 1 6  0 . 5 4 4 8 4  
4 3 1  0 . 3 0 5 9 9 4  0 . 6 2 3 7 4  
N O R M A L I Z I N G  A - B  O V E R L A P  3 . 0 9 2 0 4 E - 0 1  
F A C T O R S  
M O L E C U L A R  1 . 3 8 9 8 2 E - 0 1  
A T O M I C  2 . 2 4 8 9 3 E — 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 1 9 3 8 2 E - 0 1  - 2 . 5 1 9 4 3 E - 0 1  - 1 . 3 2 5 6 1 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
P  1 . 4 0 3 3 3 E - 0 2  - 1 . 3 4 6 5 7 E - 0 2  5 . 6 7 5 7 0 E - 0 4  
D  1 . 1 7 7 4 4 E - 0 3  3 . 4 3 7 5 1 E - 0 3  4 . 6 1 4 9 5 E - 0 3  
F  3 . 2 9 2 3 9 E — 0 4  4 . 4 5 4 6 2 E - 0 4  7 . 7 4 7 0 1 E - 0 4  
T O T A L  1 . 5 5 3 9 9 E - 0 2  - 9 . 5 8 2 7 2 E - 0 3  5 . 9 5 7 2 3 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
P  P  4 . 8 3 9 5 8 E - 0 3  4 . 8 3 9 5 8 E - 0 3  
P  D  — 7 . 9 3 6 0 9 E — 0 3  - 7 . 9 3 6 0 9 E - 0 3  
P  F  - 9 . 5 0 1 5 5 E — 0 4  - 9 . 5 0 1 5 5 E - 0 4  
D O  - 1 . 9 7 0 6 4 E - 0 5  - 1 . 9 7 0 6 4 E - 0 5  
D  F  - 8 . 9 4 2 5 8 E - 0 4  - 8 . 9 4 2 5 8 E - 0 4  
F F  - 2 . 5 4 9 2 9 E - 0 5  - 2 . 5 4 9 2 9 E - 0 5  
T O T A L  - 4 . 9 8 6 1 2 E - 0 3  - 4 . 9 8 6 1 2 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 2 . 1 1 5 7 8 E - 0 2  1 . 2 6 2 5 8 E — 0 2  - 8 . 5 3 1 9 9 E - 0 3  
- 5 . 6 1 7 9 0 E - 0 3  
BINDING ENERGY 
-1.94299E-03 - 7 . 5 6 0 8 8 E - 0 3  
TABLE 34 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
O R B I T A L  
X  E X P O N E N T  Y  
O F  X  
A 2 1 1  
A 2 1 1  
A 2 1 1  
A 2 1 1  
A 3 1 1  
A 3 1 1  
A 3 1 1  
A 3 2 1  
A 3 2 1  
A  A 3 1  
A 2 1 1  
A 2 1 1  
A 2 1 1  
A 2 1 1  
A 3 1 1  
A 3 U  
A 3 1 1  
A  3 2 1  
A  3 2  L  
A 4 3 1  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 6 7 4 2 5  
0 . 6 7 4 2 5  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 9 3 6 6 9  
0 . 6 7 4 2 5  
0 . 6 7 4 2 5  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
A 2 1 1  
A 3 1 1  
A 3 2 1  
A 4 3 1  
A 3 1 1  
A 3 2 1  
A 4 3 1  
A 3 2 1  
A 4 3 1  
A 4 3 1  
B 2 1 1  
B 3 1 1  
B 3 2 1  
B 4 3 1  
8 3 1 1  
8 3 2 1  
B 4 3 1  
8 3 2 1  
8 4 3 1  
8 4 3 1  
O R B I T A L  
E X P O N E N T  
O F  Y  
0 . 9 3 6 6 9  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 6 2 3 7 4  
0 . 9 3 6 6 9  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 6 7 4 2 5  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 5 4 4 8 4  
0 . 6 2 3 7 4  
0 . 6 2 3 7 4  
( X »  T  Y )  
4 . 3 8 6 9 3 2 E - 0 1  
I . 1 7 8 0 5 2 E - 0 1  
0. 
0. 
1 . 0 6 0 7 6 8 E - 0 1  
0. 
0. 
1 . 4 8 4 2 4 5 E - 0 1  
0 . 
1 . 9 4 5 2 3 6 E — 0 1  
- 7 . 8 8 7 O 5 7 E - O 4  
- 1 . 3 1 4 8 9 8 E - 0 4  
5 . 2 9 5 3 4 0 E — 0 3  
1 . 6 6 6 5 3 6 E - 0 2  
3 . 3 9 3 6 4  I E — 0 3  
1 . 6 4 7 0 7 6 6 - 0 2  
3 . 1 4 0 8 9 7 E - 0 2  
3 . 5 3 7 9 8 7 E - 0 2  
4 . 3 1 3 8 3 0 E — 0 2  
3 . 5 5 7 6 8 5 E — 0 2  
( X » V A  Y )  
- 4 . 6 8 3 4 4 5 E - 0 1  
- 2  . 3 0 1 9 0 5 E - 0 1  
-0. 
-0.  
• 2  .  2 4 7 5 0 5 E - 0 1  
-0. 
•0. 
- 1 . 8 1 6 1 2 8 E — 0 1  
-0. 
•  1 . 5 5 9 3 4 1 E — 0 1  
- 1 . 5 8 6 4 0 7 E — 0 3  
• 1 . 0 5 6 6 5 8 E - 0 2  
- 3 . 2 3 6 8 0 5 E — 0 2  
• 5 . 5 4 3 1 4 4 E — 0 2  
• 2 . 3 3 3 1 1 6 E — 0 2  
- 5 . 3 6 2 9 9 5 6 - 0 2  
- 7 . 1 9 4 5 1 0 6 - 0 2  
• 5 . 3 0 8 5 4 4 E — 0 2  
- 4 . 7 2 0 3 9 8 6 - 0 2  
- 1 . 9 6 1 7 9 3 6 - 0 2  
( X , V B  Y )  
• 9 . 8 2 9 0 3 5 6 - 0 2  
• 6 . 9 1 3 3 5 6 6 - 0 2  
- 9 . 0 3 6 0 3 6 6 - 0 3  
• 2 . 4 7 6 8 4 3 6 - 0 3  
- 9 . 3 8 4 9 8 2 6 - 0 2  
- 1  . 9 6 1 7 2 0 6 - 0 2  
• 7 . 9 4 6 9 7 4 6 - 0 3  
- 1 . 0 0 3 9 2 0 6 - 0 1  
- 2 . 8 9 8 0 7 0 6 - 0 2  
- 1 . 0 5 3 8 3 2 E - 0 1  
- 1 . 5 8 6 4 0 7 E — 0 3  
• 5 . 8 8 6 4 4 8 6 - 0 3  
1 . 4 6 9 5 1 6 6 - 0 2  
• 2 . 2 1 7 3 5 4 E — 0 2  
• 2 .  3 3 3  1 1 6 E — 0 2  
- 3 . 8 0 3 9 8 0 6 - 0 2  
• 4 . 0 2 0 0 6 8 6 - 0 2  
5 . 3 0 8 5 4 3 6 - 0 2  
• 3 . 5 1 5 9 5 1 E - 0 2  
• 1 . 9 6 1 7 9 3 6 - 0 2  
( X , Y )  
1.0000006+00 
7 . 1 4 4 5 9 5 6 - 0 1  
0. 
0. 






8 . 5 7 2 3 8 0 6 - 0 3  
4 . 5 4 2 2 8 5 6 - 0 2  
1 . 2 6 1 5 2 5 6 - 0 1  
1 . 9 8 7 2 3 6 E - 0 1  
1 . 5 6 1 3 7 5 6 - 0 1  
3 . 0 7 9 4 0 3 6 - 0 1  
3 . 5 4 1 4 4 9 6 - 0 1  
3 . 4 6 2 3 0 6 6 - 0 1  
2 . 2 9 1 8 9 7 6 - 0 1  
6 . 8 7 2 6 0 8 E - 0 2  
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LOWEST ] T  STATE INTERNUCLEAR SEPARATION 12.0000 A.U. 
U 
A T O M I C  O R B I T A L  
0 R 8 I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
2 1 1  1 . 0 0 0 0 0 0  0 . 8 3 1 0 4  
3 1 1  2 . 5 4 0 9 8 9  0 . 6 2 9 3 7  
3 2 1  0 . 6 7 2 5 0 0  0 . 5 0 1 3 5  
4 3 1  0 . 2 1 9 0 0 4  0 . 5 6 1 5 0  
N O R M A L I Z I N G  A - B  O V E R L A P  2 . 0 3 2 2 7 E - 0 1  
F A C T O R S  
M O L E C U L A R  1 . 8 7 9 1 9 E - 0 1  
A T O M I C  2 . 9 1 5 1 4 E — 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 1 4 4 9 2 E — 0 1  - 2 . 4 4 3 0 2 E - 0 1  - 1 . 2 9 8 1 0 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
P  5 . 7  5 3 6 5 E - 0 3  - 5 . 6 2 9 5 9 E - 0 3  1 . 2 4 0 6 4 E - 0 4  
D  2 . 5 9 3 8 2 E — 0 5  3 . 1 8 5 4 7 E - 0 3  3 . 2 1 1 4 0 E - 0 3  
F  1 . 3 3 0 3 4 E - 0 4  4 . 4 6 8 2 1 E - 0 4  5 . 7 9 8 5 4 E - 0 4  
T O T A L  5 . 9 1 2 6 2 E - 0 3  - 1 . 9 9 7 3 0 E - 0 3  3 . 9 1 5 3 2 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
P  P  3 . 0 8 8 4 4 E — 0 3  3 . 0 8 8 4 4 E - 0 3  
P  D  - 5 . 2 9 7 0 1 E — 0 3  - 5 . 2 9 7 0 1 E - 0 3  
P  F  — 6 . 1 9 0 8 8 E — 0 4  - 6 . 1 9 0 8 8 E - 0 4  
D  D  — 3 . 5 8 2 6 2 E - 0 5  - 3 . 5 8 2 6 2 E - 0 5  
D  F  — 5 . 7 2 6 5 2 E - 0 4  - 5 . 7 2 6 5 2 E - 0 4  
F F  - 1 . 9 5 1 3 3 E - 0 5  - 1 . 9 5 1 3 3 E - 0 5  
T O T A L  - 3 . 4 5 5 6 5 E — 0 3  - 3 . 4 5 5 6 5 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
— 1 . 6 4 2 0 7 E — 0 2  1 . 1 1 5 1 1 E - 0 2  - 5 . 2 6 9 6 5 E - 0 3  
B I N D I N G  E N E R G Y  
- 1 . 0 5 0 8 1 E - 0 2  5 . 6 9 8 1 5 E — 0 3  - 4 . 8 0 9 9 7 E - 0 3  
TABLE 35 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  ( X , T  Y )  
O F  X  O F  Y  
A 2 1 1  0 . 8 3 1 0 4  A 2 1 1  0 . 8 3 1 0 4  3  • 4 5 3 1 5 9 E - 0 1  
A 2 1 1  0 . 8 3 1 0 4  A 3 1 1  0 . 6 2 9 3 7  1  . 0 5 0 8 7 3 E - 0 1  
A 2 1 1  0 . 8 3 1 0 4  A 3 2 1  0 . 5 0 1 3 5  0  
A 2 1 1  0 . 8 3 1 0 4  A 4 3 1  0 . 5 6 1 5 0  0  e 
A 3 1 1  0 . 6 2 9 3 7  A 3 1 1  0 . 6 2 9 3 7  9  . 2 4 2 3 3 2 E - 0 2  
A 3 1 1  0 . 6 2 9 3 7  A 3 2 1  0 . 5 0 1 3 5  0  
A 3 1 1  0 . 6 2 9 3 7  A 4 3 1  0 . 5 6 1 5 0  0  
A 3 2 1  0 . 5 0 1 3 5  A 3 2 1  0 . 5 0 1 3 5  1  • 2 5 6 7 4 9 E - 0 1  
A 3 2 1  0 . 5 0 1 3 5  A 4 3 1  0 . 5 6 1 5 0  0  
A 4 3 1  0 . 5 6 1 5 0  A 4 3 1  0 . 5 6 1 5 0  1  I 5 7 6 3 9 4 E -0 1  
A 2 1 1  0 . 8 3 1 0 4  B 2 1 1  0 . 8 3 1 0 4  - 4  . 6 1 2 7 9 2 E -• 0 4  
A 2 1 1  0 . 8 3 1 0 4  B 3 1 1  0 . 6 2 9 3 7  - 4  . 5 8 1 2 2 5 E - 0 4  
A 2 1 1  0 . 8 3 1 0 4  B 3 2 1  0 . 5 0 1 3 5  2  . 1 9 5 1 9 2 E - 0 3  
A 2 1 1  0 . 8 3 1 0 4  8 4 3 1  0 . 5 6 1 5 0  8  . 7 4 3 3 5 5 E - 0 3  
A 3 1 1  0 . 6 2 9 3 7  B 3 1 1  0 . 6 2 9 3 7  8  . 6 2 4 4 7 1 E - 0 4  
A 3 1 1  0 . 6 2 9 3 7  B 3 2 1  0 . 5 0 1 3 5  8  • 4 0 0 3 1 9 E - 0 3  
A 3 1 1  0 . 6 2 9 3 7  B 4 3 1  0 . 5 6 1 5 0  1  • 9 0 6 3 8 1 E - 0 2  
A 3 2 1  0 . 5 0 1 3 5  8 3 2 1  0 . 5 0 1 3 5  2  . 2 6 1 2 7 7 E - 0 2  
A 3 2 1  0 . 5 0 1 3 5  B 4 3 1  0 . 5 6 1 5 0  3  . 1 7 9 5 2 3 E - 0 2  
A 4 3 1  0 . 5 6 1 5 0  B 4 3 1  0 . 5 6 1 5 0  3  . 1 1 3 0 3 3 E - 0 2  
( X » V A  Y )  
4 . 1 5 5 2 1 3 E - 0 1  
- 2 e 1 9 0 1 1 0 E — 0 1  
-0. 
-0. 
• 2 . 0 9 7 8 8 3 E — 0 1  
0. 
-0. 
- 1 . 6 7 1 1 6 0 E - 0 1  
"0 • 
1 . 4 0 3 7 4 2 E - 0 1  
- 8 . 5 5 5 5 5 2 E - 0 4  
- 5 . 8 6 6 9 9 5 E — 0 3  
2 . 0 9 3 3 2 6 E - 0 2  
• 3 . 8 4 8 6 1 7 E — 0 2  
• l e  3 5 4 0 9 3 E — 0 2  
- 3 . 6 1 9 6 2 5 E - 0 2  
5 . 3 6 3 8 5 8 E - 0 2  
- 4 . 1 6 2 0 8 6 E - 0 2  
• 4 .  2 4  8 3 8 2  E — 0 2  
- 2 . 2 3 4 8 7 2 E - 0 2  
I X , V B  Y )  
-  8 . 2 0 7 6 3 9 E — 0 2  
- 6 . 0 7 7 6 6 9 E - 0 2  
- 7 . 4 3 3 9 8 2 E - 0 3  
- 1 . 9 0 4 5 1 7 E - 0 3  
- 7 . 9 2 4 4 3 3 E - 0 2  
- 1 . 5 3 1 2 8 4 E - 0 2  
• 5 . 7 9 6 1 0 0 E — 0 3  
- 8 . 4 2 6 5 5 1 E - 0 2  
- 2 . 2 8 7 7 0 2 E - 0 2  
- 8 . 8 1 2 0 8 6 E — 0 2  
• 8 . 5 5 5 5 5 2 E — 0 4  
- 3 . 2 9 8 1 9 0 E - 0 3  
- 9 . 3 4 7 3 6 5 E - 0 3  
• 1 . 5 1 1 7 4 1 E - 0 2  
• 1 . 3 5 4 0 9 3 E — 0 2  
2 . 5 3 3 3 3 3 E - 0 2  
2 . 9 8 4 6 6 4 E - 0 2  
• 4 . 1 6 2 0 8 6 E — 0 2  
- 3 . 2 0 8 5 0 1 E — 0 2  
2 . 2 3 4 8 7 2 E - 0 2  
(  X  »  Y  )  
1 . O O O O O O E + O O  
7 . 4 9 8 2 8 1 E - 0 1  
0. 
0. 
1 . O O O O O O E + O O  
0. 
0. 
1 . O O O O O O E + O O  
0 e 
1 . O O O O O O E + O O  
5 . 4 5 3 7 9 9 E — 0 3  
2 . 9 5 6 5 8 6 E — 0 2  
9 . 4 3 9 9 5 3 E — 0 2  
1  •  5 9 9 2 2 9 E - 0 1  
1 . 0 3 3 6 5 4 E — 0 1  
2 . 3 6 3 4 0 9 E - 0 1  
3 . 0 4 3 1 0 8 E - 0 1  
3 . 1 8 1 7 6 8 E - 0 1  
2 . 5 5 4 3 9 3 E — 0 1  
1 . 2 0 9 3 8 3 E — 0 1  
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TABLE 36. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 
L O W E S T  A  S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  2 . 0 0 0 0  A . U .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 6 3 2 1 8  
4 3 2  0 . 0 8 8 9 8 2  0 . 7 6 1 3 8  
N O R M A L I Z I N G  A - B  O V E R L A P  9 . 5 4 9 6 9 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 0 3 7 3 5 E - 0 1  
A T O M I C  9 . 9 6 0 6 4 E - 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 9 6 1 3 6 E - 0 1  9 . 1 1 6 9 4 E - 0 2  2 . 8 7 3 0 5 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  1 . 4 3 1 3 8 E - 0 1  - 9 . 8 8 3 3 6 E - 0 2  4 . 4 3 0 4 4 E - 0 2  
F  1 . 8 4 0 5 2 E - 0 3  - 6 . 2 2 4 2 8 E - 0 4  1 . 2 1 8 0 9 E - 0 3  
T O T A L  1 . 4 4 9 7 9 E - 0 1  - 9 . 9 4 5 6 0 E - 0 2  4 . 5 5 2 2 5 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
D  D  3 . 0 3 4 7 8 E - 0 1  3 . 0 3 4 7 8 E - 0 1  
0  F  - 4 . 8 6 6 4 2 E - 0 3  - 4 . 8 6 6 4 2 E - 0 3  
F F  2 . 4 5 4 4 8 E - 0 3  2 . 4 5 4 4 8 E - 0 3  
T O T A L  3 . 0 1 0 6 6 E - 0 1  3 . 0 1 0 6 6 E - 0 1  
I N T E R F E R E N C E  E N E R G Y  
- 4 . 3 9 8 3 6 E - 0 3  6 . 7 0 8 0 2 E - 0 4  - 3 . 7 2 7 5 5 E - 0 3  
B I N D I N G  E N E R G Y  
1 . 4 0 5 8 0 E - 0 1  2 . 0 2 2 8 1 E - 0 1  3 . 4 2 8 6 1 E - 0 1  
TABLE 36 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  
E X P O N E N T  
O F  X  
O R B I T A L  
E X P O N E N T  
O F  Y  
A 3 2 2  0 . 6 3 2 1 8  A 3 2 2  0 . 6 3 2 1 8  
A 3 2 2  0 . 6 3 2 1 8  A 4 3 2  0 . 7 6 1 3 8  
A 4 3 2  0 . 7 6 1 3 8  A 4 3 2  0 . 7 6 1 3 8  
A 3 2 2  0 . 6 3 2 1 8  B 3 2 2  0 . 6 3 2 1 8  
A 3 2 2  0 . 6 3 2 1 8  B 4 3 2  0 . 7 6 1 3 8  
A 4 3 2  0 . 7 6 1 3 8  B 4 3 2  0 . 7 6 1 3 8  
( X , T  Y )  
1 • 9 9 8 2 6 9 E - 0 1  
0. 
2 . 8 9 8 4 8 8 E - 0 1  
1 .  6 4 2 7 0 5 E - 0 1  
1 . 1 9 4 0 8 8 E — 0 1  
- 1 . 4 7 4 5 1 7 E - 0 1  
( X  t  V A  Y )  
• 2  . 1 0 7 2 7 3 E - 0 1  
•0. 
• 1 . 9 0 3 4 4 7 E - 0 1  
• 1 . 8 0 8 3 4 9 E — 0 1  
• 1 . 0 6 5 0 1 I E — 0 1  
1 . 1 1 3 9 2 1 E - 0 1  
( X »  V B  Y )  
• 1 . 9 4 1 1 9 4 E - 0 1  
- 2 . 7 5 6 1 4 7 E - 0 2  
• 1 . 8 7 5 5 0 5 E — 0 1  
•  1 . 8 0 8 3 4 9 E - 0 1  
- 7 . 8 5 3 6 6 1 E - 0 2  
1 . 1 1 3 9 2 1 E — 0 1  
(  X  »  Y  )  
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
8 . 9 4 2 2 8 9 E - 0 1  
4 .  1 3 2 3 5 0 E - 0 1  
- 6 . 6 1 7 0 6 2 E - 0 1  
Ui 
152 
TABLE 37. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-I 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  3 . 0 0 0 0  A .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 6 0 3 0 5  
4 3 2  0 . 1 2 7 6 4 7  0 . 7 2 8 9 8  
N O R M A L I Z I N G  A - B  O V E R L A P  9 . 0 9 3 5 0 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 0 7 6 1 3 E - 0 1  
A T O M I C  9 . 9 1 9 5 1 E — 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 7 5 7 1 6 E - 0 1  - 4 . 6 1 6 2 3 E — 0 2  1 . 2 9 5 5 4 E - 0 1  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
0  1 . 2 4 2 5 4 E - 0 1  - 8 . 8 4 6 4 1 E - 0 2  3 . 5 7 9 0 3 E - 0 2  
F  3 . 3 6 9 2 4 E - 0 3  - 1 . 1 4 0 4 6 E - 0 3  2 . 2 2 8 7 8 E - 0 3  
T O T A L  1 . 2 7 6 2 4 E - 0 1  - 8 . 9 6 0 4 5 E - 0 2  3 . 8 0 1 9 1 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
D  D  1 . 5 8 4 5 8 E — 0 1  1 . 5 8 4 5 8 E - 0 1  
D  F  - 7 . 7 6 4 5 5 E - 0 3  - 7 . 7 6 4 5 5 E - 0 3  
F F  2 . 5 5 6 4 0 E — 0 3  2 . 5 5 6 4 0 E - 0 3  
T O T A L  1 . 5 3 2 5 0 E - 0 1  1 . 5 3 2 5 0 E - 0 1  
I N T E R F E R E N C E  E N E R G Y  
— 7 . 4 6 2 7 3 E - 0 3  1 . 3 0 3 5 1 E - 0 3  - 6 . 1 5 9 2 2 E - 0 3  
B I N D I N G  E N E R G Y  
1 - 2 0 1 6 1 E - 0 1  6 . 4 9 4 8 8 E — 0 2  1 . 8 5 1 1 0 E - 0 1  
TABLE 37 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
O R B I T A L  
E X P O N E N T  
O F  X  
O R B I T A L  
E X P O N E N T  
O F  Y  
A 3 2 2  0 . 6 0 3 0 5  A 3 2 2  0 . 6 0 3 0 5  
A 3 2 2  0 . 6 0 3 0 5  A 4 3 2  0 . 7 2 8 9 8  
A 4 3 2  0 . 7 2 8 9 8  A 4 3 2  0 . 7 2 8 9 8  
A 3 2 2  0 . 6 0 3 0 5  B 3 2 2  0 . 6 0 3 0 5  
A 3 2 2  0 . 6 0 3 0 5  B 4 3 2  0 . 7 2 8 9 8  
A 4 3 2  0 . 7 2 8 9 8  B 4 3 2  0 . 7 2 8 9 8  
( X , T  Y )  
1 . 8 1 8 3 4 5 E — 0 1  
0. 
2  .  6 5 7 0 5 8 E — 0 1  
1 . 2 3 5 5 2 9 E - 0 1  
1 . 2 5 3 1 1 I E — 0 1  
- 4 . 5 2 3 5 6 1 E - 0 2  
( X  t  V A  Y )  
- 2 . 0 1 0 1 6 6 E - 0 1  
• 0 .  
- 1 . 8 2 2 4 5 0 E - 0 1  
• 1 . 4 8 5 9 5 2 E — 0 1  
- 1 . 2 1 0 5 3 1 E - 0 I  
5  .  0 9 3 5 7 9 E - 0 2  
( X , V B  Y )  
- 1 . 7 2 2 9 3 4 E - 0 1  
• 3 . 0 9 0 9 7 3 E — 0 2  
•  1 . 7 3 8 8 2 8 E — 0 1  
- 1 . 4 8 5 9 5 2 E - 0 1  
• 8 . 9 9 2  6 5 8 E — 0 2  
5 . 0 9 3 5 7 9 E - 0 2  
( X , Y )  
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
7 . 9 8 9 5 7 6 E — 0 1  
5  .  1 5 2 6 0 1 E - 0 1  




TABLE 38<2 LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  4 . 0 0 0 0  A . U .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  
4 3 2  
1.000000 
0.162616 
0 . 5 7 2 7 0  
0 . 6 9 3 7 4  
N O R M A L I Z I N G  
F A C T O R S  
M O L E C U L A R  5 . 1 2 0 5 2 E - 0 1  
A T O M I C  9 . 8 7 0 3 5 E - 0 1  
A - B  O V E R L A P  8 . 5 7 8 3 4 E - 0 1  
K I N E T I C  
1 . 5 6 0 9 8 E - 0 1  
M O L E C U L A R  E N E R G Y  
P O T E N T I A L  
- 1 . 0 0 3 4 8 E - 0 1  
T O T A L  
5 . 5 7 5 0 4 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
0 
F  
T O T A L  
0 0 
0  F  
F  F  
T O T A L  
1 . 0 5 6 4 1 E - 0 1  
4 . 7 6 8 2 4 E - 0 3  
1 . 1 0 4 1 0 E — 0 1  
P R O M O T I O N A L  E N E R G Y  
- 7 . 7 7 3 2 2 E - 0 2  
— 1 . 6 0 5 6 4 E — 0 3  
- 7 . 9 3 3 7 8 E — 0 2  
2 . 7 9 0 9 3 E - 0 2  
3 . 1 6 2 6 0 E — 0 3  
3 .  1 0 7 1 9 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
9 . 5 3 7 0 6 E — 0 2  
- 9 . 6 2 8 7 0 E — 0 3  
2 . 3 6 7 3 5 E — 0 3  
8 . 8 1 0 9 2 E — 0 2  
9 . 5 3 7 0 6 E - 0 2  
- 9 . 6 2 8 7 0 E - 0 3  
2 . 3 6 7 3 5 E - 0 3  
8 . 8 1 0 9 2 E — 0 2  
I N T E R F E R E N C E  E N E R G Y  
- 9 . 8 6 6 9 9 E - 0 3  1 . 9 9 1 8 3 E - 0 3  - 7 . 8 7 5 1 6 E - 0 3  
1 . 0 0 5 4 3 E - 0 1  
B I N D I N G  E N E R G Y  
1 . 0 7 6 3 3 E — 0 2  1 . 1 1 3 0 6 E - 0 1  
TABLE 38 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  
E X P O N E N T  
O F  X  
O R B I T A L  
E X P O N E N T  
O F  Y  
A 3 2 2  0 . 5 7 2 7 0  A 3 2 2  0 . 5 7 2 7 0  
A 3 2 2  0 . 5 7 2 7 0  A 4 3 2  0 . 6 9 3 7 4  
A 4 3 2  0 . 6 9 3 7 4  A 4 3 2  0 . 6 9 3 7 4  
A 3 2 2  0 . 5 7 2 7 0  B 3 2 2  0 . 5 7 2 7 0  
A 3 2 2  0 . 5 7 2 7 0  B 4 3 2  0 . 6 9 3 7 4  
A 4 3 2  0 . 6 9 3 7 4  B 4 3 2  0 . 6 9 3 7 4  
( X »  T  Y )  
1 . 6 3 9 9 0 6 E — 0 1  
0. 
2 . 4 0 6 3 7 7 E — 0 1  
9 . 0 1 9 7 0 4 E — 0 2  
I . 1 2 5 8 5 3 E — 0 1  
I . 9 1 3 7 I 2 E — 0 2  
( X  »  V A  Y )  
- 1 . 9 0 8 9 8 8 E - 0 1  
-0. 
•  I . 7 3 4 3 5 0 E - 0 I  
- 1 . 1 9 5 9 3 8 E - 0 1  
• 1 . 1 8 8 1 0 5 E - 0 1  
6 .  1 2 9 4 5 7 E - 0 3  
( X »  V B  Y )  
• 1 . 5 2 1 0 7 4 E - 0 1  
- 3 . 0 3 8 8 4 4 E - 0 2  
- 1 . 5 8 1 0 9 7 E - 0 1  
1 . 1 9 5 9 3 8 E - 0 1  
• 8 . 8 9 7  8 7 3 E - 0 2  
6 . 1 2 9 4 5 7 E - 0 3  
(  X  »  Y  )  
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
7 . 0 2 9 4 1 4 E - 0 1  
5 . 5 8 2 1 3 4 E — 0 1  
- 1 . 5 0 2 0 9 6 E — 0 1  
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TABLE 39. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 A 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  6 . 0 0 0 0  A . U .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 5 1 8 0 5  
4 3 2  0 . 2 2 1 7 9 1  0 . 6 2 5 6 7  
N O R M A L I Z I N G  A - B  O V E R L A P  7 . 4 9 9 4 8 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 2 1 8 4 9 E - 0 1  
A T O M I C  9 . 7 6 2 7 6 E - 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 2 4 4 2 0 E — 0 1  - 1 . 3 3 7 3 5 E - 0 I  - 9 . 3 1 5 1 4 E - 0 3  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
0  7 . 4 9 4 5 6 E — 0 2  - 5 . 8 6 8 5 4 E - 0 2  1 . 6 2 6 0 2 E - 0 2  
F  6 . 5 7 2 1 4 E — 0 3  - 2 . 1 2 4 1 9 E - 0 3  4 . 4 4 7 9 6 E - 0 3  
T O T A L  8 . 1 5 1 7 7 E - 0 2  - 6 . 0 8 0 9 5 E - 0 2  2 . 0 7 0 8 2 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
0  0  4 . 3 9 6 5 2 E - 0 2  4 . 3 9 6 5 2 E - 0 2  
0  F  - 1 . 0 8 6 4 3 E - 0 2  - 1 . 0 8 6 4 3 E - 0 2  
F F  1 . 7 8 4 3 1 E - 0 3  1 . 7 8 4 3 1 E - 0 3  
T O T A L  3 . 4 8 8 5 2 E - 0 2  3 . 4 8 8 5 2 E - 0 2  
I N T E R F E R E N C E  E N E R G Y  
- 1 . 2 6 5 3 7 E - 0 2  3 . 3 0 0 7 4 E - 0 3  - 9 . 3 5 3 0 1 E - 0 3  
6 . 8 8 6 4 0 E — 0 2  
B I N D I N G  E N E R G Y  
- 2 . 2 6 2 3 6 E - 0 2  4 . 6 2 4 0 4 E - 0 2  
TABLE 39 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  
O F  X  O F  Y  
A 3 2 2  0 . 5 1 8 0 5  A 3 2 2  0 . 5 1 8 0 5  
A 3 2 2  0 . 5 1 8 0 5  A 4 3 2  0 . 6 2 5 6 7  
A 4 3 2  0 . 6 2 5 6 7  A 4 3 2  0 . 6 2 5 6 7  
A 3 2 2  0 . 5 1 8 0 5  B 3 2 2  0 . 5 1 8 0 5  
A 3 2 2  0 . 5 1 8 0 5  B 4 3 2  0 . 6 2 5 6 7  
A 4 3 2  0 . 6 2 5 6 7  B 4 3 2  0 . 6 2 5 6 7  
( X , T  Y )  
1 . 3 4 1 8 7 8 E - 0 1  
0 . 
1 . 9 5 7 3 1 3 E - 0 I  
4 . 7 6 7 2 3 7 E — 0 2  
7 . 6 3 4 4 1 5 E — 0 2  
6 . 2 7 0 7 7 6 E — 0 2  
( X » V A  Y )  
- I . 7 2 6 8 3 3 E — 0 1  
-0. 
- 1 . 5 6 4 1 7 4 E - 0 1  
- 7 . 6 9 5 6 3 6 E — 0 2  
- 9 . 6 3 8 9 9 2 E - 0 2  
- 3 . 7 7 2 5 0 4 E - 0 2  
( X , V B  Y )  
- 1 .  2 0 5 3 8 7 E - 0 1  
- 2 . 5 6 9 7 0 0 E - 0 2  
- 1 . 2 8 6 0 9 5 E - 0 1  
- 7 . 6 9 5 6 3 6 E - 0 2  
• 7  .  3 3 1 9 8 0 E — 0 2  
• 3 . 7 7 2 5 0 4 E — 0 2  
(  X  »  Y  )  
1 . O O O O O O E + O O  
0 . 
1 . O O O O O O E + O O  
5 . 3 6 0 3 4 6 E - 0 1  
5 . 4 7 4 4 3 2 E — 0 1  
1 . 6 1 9 8 7 0 E — 0 1  
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TABLE 40. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-I 
2 A 
L O W E S T  à  S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  8 . 0 0 0 0  A .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 4 7 3 9 5  
4 3 2  0 . 2 6 8 8 2 0  0 . 5 6 1 8 0  
N O R M A L I Z I N G  A - B  O V E R L A P  6 . 4 7 8 4 4 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 3 1 9 5 6 E - 0 1  
A T O M I C  9 . 6 5 7 1 5 E - 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
1 . 0 1 8 8 2 E - 0 1  - 1 . 3 6 9 8 6 E - 0 1  - 3 . 5 1 0 4 0 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  5 . 2 9 3 1 5 E - 0 2  - 4 . 3 7 1 1 9 E - 0 2  9 . 2 1 9 6 3 E - 0 3  
F  6 . 8 9 1 2 6 E - 0 3  - 1 . 9 7 7 2 4 E - 0 3  4 . 9 1 4 0 1 E - 0 3  
T O T A L  5 . 9 8 2 2 8 E - 0 2  - 4 . 5 6 8 9 1 E - 0 2  1 . 4 1 3 3 6 E - 0 2  
Q U A S I - C L A S S I C A L  E N E R G Y  
0  0  2 . 4 5 6 0 3 E - 0 2  2 . 4 5 6 0 3 E - 0 2  
D F  . . . . . .  — 1 . 0 4 3 0 4 E — 0 2  — 1 . 0 4 3 0 4 E — 0 2  
F F  1 . 3 2 2 2 6 E — 0 3  1 . 3 2 2 2 6 E - 0 3  
T O T A L  1 . 5 4 5 2 2 E - 0 2  1 . 5 4 5 2 2 E - 0 2  
I N T E R F E R E N C E  E N E R G Y  
— 1 . 3 4 9 6 7 E — 0 2  4 . 3 6 2 4 4 E - 0 3  - 9 . 1 3 4 2 6 E - 0 3  
B I N D I N G  E N E R G Y  
4 . 6 3 2 6 1 E - 0 2  - 2 . 5 8 7 4 5 E - 0 2  2 . 0 4 5 1 6 E - 0 2  
TABLE 40 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
O R B I T A L  
X  E X P O N E N T  Y  
O F  X  
A 3 2 2  0 . 4 7 3 9 5  A 3 2 2  
A 3 2 2  0 . 4 7 3 9 5  A 4 3 2  
A 4 3 2  0 . 5 6 1 8 0  A 4 3 2  
A 3 2 2  0 . 4 7 3 9 5  B 3 2 2  
A 3 2 2  0 . 4 7 3 9 5  8 4 3 2  
A 4 3 2  0 . 5 6 1 8 0  B 4 3 2  
O R B I T A L  
E X P O N E N T  
O F  Y  
0 . 4 7 3 9 5  
0 . 5 6 1 8 0  
0 . 5 6 1 8 0  
0 . 4 7 3 9 5  
0 . 5 6 1 8 0  
0 . 5 6 1 8 0  
( X »  T  Y )  
I .  1 2 3 1 2 1 E - 0 1  
0. 
1 • 5 7 8 0 9 0 E — 0 1  
2 • 5 9 4 4 5 5 E — 0 2  
4 . 8 6 4 4 8 4 E — 0 2  
5 . 8 1 6 3 2 6 E — 0 2  
( X  »  V A  Y )  
—  1 . 5  7 9 8 1 8 E - 0 1  
— 0 . 
—  1 .  4 0 4 4 9 7 E - 0 1  
- 5 . 0 5 2 4 0 7 E - 0 2  
— 7 . 3 0 4 6 8 8 E — 0 2  
— 4 . 6 9 9 5 4 1 E — 0 2  
( X »  V B  Y )  
• 9 . 8 6 6 4 8 8 E - 0 2  
- 2 . 0 8 0 2 2 8 E - 0 2  
- 1 . 0 5 3 8 0 1 E - 0 1  
- 5 . 0 5 2 4 0 7 E - 0 2  
- 5 . 6 1 7  I 4 7 E — 0 2  
- 4 . 6 9 9 5 4 1 E - 0 2  
( X ,  Y )  
1  . O O O O O O E  +  O O  
0. 
1 . O O O O O O E + O O  
4  *  0 8 6 1 4 7 E - 0 1  
4 . 9 1 6 2 8 7 E - 0 1  




TABLE 41. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-I 
2 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  1 0 . 0 0 0 0  A .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 4 3 8 4 1  
4 3 2  0 . 3 0 0 2 8 5  0 . 5 0 9 1 3  
N O R M A L I Z I N G  A - B  O V E R L A P  5 . 5 3 0 0 2 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 4 3 4 4 0 E - 0 1  
A T O M I C  9 . 5 7 7 5 1 E — 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
8 . 5 7 8 3 6 E - 0 2  - 1 . 3 2 5 1 7 E - 0 1  - 4 . 6 7 3 3 4 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  3 . 7 1 9 1 4 E — 0 2  - 3 . 2 1 2 7 7 E - 0 2  5 . 0 6 3 6 9 E - 0 3  
F  6 . 1 2 4 9 8 E — 0 3  - 1 . 3 3 7 5 8 E - 0 3  4 . 7 8 7 4 0 E - 0 3  
T O T A L  4 . 3 3 1 6 4 E - 0 2  - 3 . 3 4 6 5 3 E - 0 2  9 . 8 5 1 0 9 6 - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
D  D  1 . 5 4 9 3 2 E — 0 2  1 . 5 4 9 3 2 E - 0 2  
O F  - 9 . 3 4 9 0 4 E - 0 3  - 9 . 3 4 9 0 4 E - 0 3  
F F  9 . 5 8 9 8 7 E — 0 4  9 . 5 8 9 8 7 E - 0 4  
T O T A L  7 . 1 0 3 1 9 E - 0 3  7 . 1 0 3 1 9 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 1 . 3 0 8 8 3 E - 0 2  4 . 9 5 6 2 5 E - 0 3  - 8 . 1 3 2 0 9 E - 0 3  
B I N D I N G  E N E R G Y  
3 . 0 2 2 8 0 E - 0 2  - 2 . 1 4 0 5 9 6 - 0 2  8 . 8 2 2 1 9 6 - 0 3  
TABLE 41 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  
O F  X  O F  Y  
A 3 2 2  0 . 4 3 8 4 1  A 3 2 2  0 . 4 3 8 4 1  
A 3 2 2  0 . 4 3 8 4 1  A 4 3 2  0 . 5 0 9 1 3  
A 4 3 2  0 . 5 0 9 1 3  A 4 3 2  0 . 5 0 9 1 3  
A 3 2 2  0 . 4 3 8 4 1  B 3 2 2  0 . 4 3 8 4 1  
A 3 2 2  0 . 4 3 8 4 1  B 4 3 2  0 . 5 0 9 1 3  
A 4 3 2  0 . 5 0 9 1 3  B 4 3 2  0 . 5 0 9 1 3  
( X , T  Y )  
9 . 6 1 0 0 5 6 E - 0 2  
0. 
1 . 2 9 6 0 6 7 E - 0 1  
1 .  4 6 4 3 0 3 E - 0 2  
3 .  1 1 3 6 0 3 E — 0 2  
4 .  5 5 2 6 8 3 E - 0 2  
( X , V A  Y )  
- 1 . 4 6 1 3 5 8 E - 0 I  
— 0 . 
- 1 .  2 7 2 8 2 5 E - 0 1  
- 3 . 4 0 7 0 4 0 E - 0 2  
- 5 . 4 9 4 2 2 1 E - 0 2  
- 4 . 4 9 0 3 3 8 E — 0 2  
( X , V B  Y )  
- 8 . 3 1 0 9 7 1 E - 0 2  
- 1 . 6 9 7 0 6 4 E - 0 2  
- 8  .  8 4 0 5 8 2 E - 0 2  
- 3 . 4 0 7 0 4 0 E — 0 2  
• 4 . 2 5 2 3 4 3 E - 0 2  
- 4 • 4 9 0  3 3 8 E - 0 2  
( X , Y )  
1 . O O O O O O E + O O  
0. 
1  . O O O O O O E  +  O O  
3 . 1 3 9 1 2 0 E - 0 1  
4 . 2 7 9 3 9 2 E - 0 1  
3 . 5 4 3 0  1 2 E - 0 1  
ON 
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TABLE 42. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  1 2 . 0 0 0 0  A . U .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 4 1 0 3 6  
4 3 2  0 . 3 1 7 6 3 3  0 . 4 6 6 0 4  
N O R M A L I Z I N G  A - B  O V E R L A P  4 . 6 5 6 8 3 E - 0 1  
F A C T O R S  
M O L E C U L A R  5 . 5 6 6 6 4 E - 0 1  
A T O M I C  9 . 5 3 0 7 7 E - 0 1  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
7 . 4 3 6 8 1 E - 0 2  - 1 . 2 6 5 8 1 E - 0 1  - 5 . 2 2 1 3 2 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  2 . 6 0 1 5 7 E - 0 2  - 2 . 3 3 2 1 3 E - 0 2  2 . 6 9 4 3 9 E - 0 3  
F  4 . 8 6 1 0 5 E - 0 3  - 4 . 9 4 8 4 5 E - 0 4  4 . 3 6 6 2 1 E - 0 3  
T C T A L  3 . 0 8 7 6 7 E — 0 2  - 2 . 3 8 1 6 1 E - C 2  7 . 0 6 0 6 0 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
D  D  1 . 0 5 8 9 4 E - 0 2  1 . 0 5 8 9 4 E - 0 2  
D  F  — 8 . 1 1 8 8 5 E — 0 3  - 8 . 1 1 8 8 5 E - 0 3  
F F  6 . 8 8 7 7 7 E — 0 4  6 . 8 8 7 7 7 E - 0 4  
T O T A L  3 . 1 5 9 3 6 E - 0 3  3 . 1 5 9 3 6 E - 0 3  
I N T E R F E R E N C E  E N E R G Y  
- 1 . 2 0 6 4 1 E - 0 2  5 . 1 8 6 5 0 E - 0 3  - 6 . 3 7 7 6 5 E - 0 3  
B I N D I N G  E N E R G Y  
1 . 8 8 1 2 6 E - 0 2  - 1 . 5 4 7 0 3 E — 0 2  3 . 3 4 2 3 1 E - 0 3  
TABLE 42 (CONTINUED). 
I N T E G R A L S  B E T W E E N  A T O M I C  O R B I T A L S  X  A N D  Y  
O R B I T A L  
E X P O N E N T  
O F  X  
O R B I T A L  
E X P O N E N T  
O F  Y  
A 3 2 2  0 . 4 1 0 3 6  A 3 2 2  0 . 4 1 0 3 6  
A 3 2 2  0 . 4 1 0 3 6  A 4 3 2  0 . 4 6 6 0 4  
A 4 3 2  0 . 4 6 6 0 4  A 4 3 2  0 . 4 6 6 0 4  
A 3 2 2  0 . 4 1 0 3 6  B 3 2 2  0 . 4 1 0 3 6  
A 3 2 2  0 . 4 1 0 3 6  B 4 3 2  0 . 4 6 6 0 4  
A 4 3 2  0 . 4 6 6 0 4  B 4 3 2  0 . 4 6 6 0 4  
< X , T  Y )  
8 . 4 1 9 5 9 7 E - 0 2  
0. 
1 . 0 8 5 9 8 0 E - 0 1  
8 . 4 9 3 5 5 0 E - 0 3  
2 . 0 3 1 2  3 5 E — 0 2  
3 . 4 1 6 9 5 5 E — 0 2  
( X , V A  Y )  
•  1 . 3 6 7 8 5  3 E - 0 1  
-0. 
- 1 .  1 6 5 1 0 7 E - 0 1  
• 2 . 3 4 4 6 2 7 E - 0 2  
4 . 1 6 5 9 5 0 E — 0 2  
• 3 . 9 7 1 0 6 0 E — 0 2  
( X , V 8  Y )  
• 7 . 1 6 7 5 5 3 E - 0 2  
- 1 . 4 0 6 9 6 4 E - 0 2  
- 7 . 5 8 1 7 5 9 E - 0 2  
• 2  .  3 4 4 6 2 7 E - 0 2  
- 3 • 2  3 2 6 6 8 E — 0 2  
• 3 . 9 7 1 0 6 0 E - 0 2  
(  X  »  Y  )  
1 . O O O O O O E + O O  
0. 
1 . O O O O O O E + O O  
2 . 4 1 9 4 0 2 E - 0 1  
3 . 6 7 8 7 1 6 E — 0 1  
3 . 6 7 0 2 1 8 E - 0 1  
L O W E S T  A  S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  1 8 . 0 0 0 0  A . U .  
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T A B L E  4 3 .  L C A O  W A V E  F U N C T I O N  F O R  T H E  H Y D R O G E N  M O L E C U L E - I  
2  A  
 
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 3 5 8 4 4  
4 3 2  0 . 3 0 6 5 8 6  0 . 3 7 9 1 9  
N O R M A L I Z I N G  A - B  O V E R L A P  2 . 4 8 3 1 8 E - 0 1  
F A C T O R S  
( D E / D R )  - 4 . 3 2 6 6 3 E - 0 5  
M O L E C U L A R  6 . 0 5 0 8 3 E - 0 1  
A T O M I C  9 . 5 6 0 7 6 E - 0 1  V I R I A L  D E F E C T  3 . 6 8 3 6 0 E - 0 5  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
5 . 6 9 3 2 6 E - 0 2  - 1 . 1 3 0 5 0 E - 0 1  - 5 . 6 1 1 7 0 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  7 . 9 3 8 2 6 E — 0 3  - 7 . 6 5 0 1 5 E - 0 3  2 . 3 8 1 1 7 E - 0 4  
F  1 . 4 0 3 7 0 E - 0 3  1 . 4 0 1 6 2 E - 0 3  2 . 8 0 5 3 3 E - 0 3  
T O T A L  9 . 3 4 1 9 7 E - 0 3  - 6 . 2 4 8 5 2 E - 0 3  3 . 0 9 3 4 4 E - 0 3  
Q U A S I - C L A S S I C A L  E N E R G Y  
D O  4 . 4 4 1 1 0 E - 0 3  4 . 4 4 1 1 0 E - 0 3  
D  F  — 4 . 8 7 6 8 4 E - 0 3  - 4 . 8 7 6 3 4 E - 0 3  
F F  2 . 3 7 7 3 9 E — 0 4  2 . 3 7 7 3 9 E - 0 4  
T O T A L  - 1 . 9 8 0 0 2 E - 0 4  - L . 9 8 0 0 2 E - 0 4  
I N T E R F E R E N C E  E N E R G Y  
— 7 . 9 6 4 9 1 E — 0 3  4 . 5 0 8 0 4 E - 0 3  - 3 . 4 5 6 8 7 E - 0 3  
B I N D I N G  E N E R G Y  
1 . 3 7 7 0 6 E - 0 3  - 1 . 9 3 8 4 9 E - 0 3  - 5 . 6 1 4 2 9 E - 0 4  
TABLE 43 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
O R B I T A L  O R B I T A L  
X  E X P O N E N T  Y  E X P O N E N T  
O F  X  O F  Y  
A 3 2 2  0 . 3 5 8 4 4  A 3 2 2  0 . 3 5 8 4 4  
A 3 2 2  0 . 3 5 8 4 4  A 4 3 2  0 . 3 7 9 1 9  
A 4 3 2  0 . 3 7 9 1 9  A 4 3 2  0 . 3 7 9 1 9  
A 3 2 2  0 . 3 5 8 4 4  B 3 2 2  0 . 3 5 8 4 4  
A 3 2 2  0 . 3 5 8 4 4  8 4 3 2  0 . 3 7 9 1 9  
A 4 3 2  0 . 3 7 9 1 9  B 4 3 2  0 . 3 7 9 1 9  
< X , T  Y )  
6 . 4 2  3 9 9  7 E - 0 2  
0. 
7 .  1 8 9 3 0 6 E - 0 2  
1 . 6 8 6 4 1 1 E — 0 3  
6 . 0 6 9 5 3 3 E - 0 3  
1 . 4 3 0 4 7 4 E - 0 2  
(  X  »  V A  Y )  
• 1 .  1 9 4 8 0 3 E - 0 1  
-0. 
• 9 . 4 7 9 7 8 4 E - 0 2  
• 7 . 9 1 7 4 9 7 E - 0 3  
•  1 . 8 8 3 7 2 8 E - 0 2  
• 2 . 4 5 4 2 1 9 E - 0 2  
( X  t  V B  Y )  
•  5  .  0 6 9  7 0 1 E — 0 2  
• 8 .  7 0 1 0 4 7 E - 0 3  
- 5 . 2 7 8 8 5 4 E - 0 2  
• 7 . 9  1 7 4 9 6 E - 0  3  
•  1 . 4 4 6 9 1 1 E - 0 2  
• 2  . 4 5 4 2  1 9 E - 0 2  
( X ,  Y )  
1 . O O O O O O E + O O  
0. 
1  . O O O O O O E  +  O O  
1 .  0 6 2 8 0 4 E - 0 1  
2  .  2 0 8  3 7 9 E - 0 1  
3 . 1 8 8 0 6 8 E - 0 1  
en Ln 
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T A B L E  4 4 .  L C A O  W A V E  F U N C T I O N  F O R  T H E  H Y D R O G E N  M O L E C U L E - I O N  
2 
L O W E S T  A S T A T E  I N T E R N U C L E A R  S E P A R A T I O N  1 9 . 0 0 0 0  A . U .  
G  
A T O M I C  O R B I T A L  
O R B I T A L S  C O E F F I C I E N T S  E X P O N E N T S  
3 2 2  1 . 0 0 0 0 0 0  0 . 3 5 3 2 7  
4 3 2  .  0 . 2 9 8 3 2 6  0 . 3 6 8 7 3  
N O R M A L I Z I N G  A - B  O V E R L A P  2 . 1 9 1 6 0 E - 0 1  
F A C T O R S  
( D E / D R )  2 . 6 4 2 6 8  E - 0 5  
M O L E C U L A R  6 . 1 3 6 7 9 E - 0 1  
A T O M I C  9 . 5 8 2 6 7 E - 0 1  V I R I A L  D E F E C T  - 4 . 4 6 8 5 0 E - 0 5  
M O L E C U L A R  E N E R G Y  
K I N E T I C  P O T E N T I A L  T O T A L  
5 . 5 5 7 6 5 E - 0 2  - 1 . 1 1 7 0 0 E - C 1  - 5 . 6 1 2 3 3 E - 0 2  
B I N D I N G  E N E R G Y  P A R T I T I O N I N G  
K I N E T I C  P O T E N T I A L  T O T A L  
P R O M O T I O N A L  E N E R G Y  
D  6 . 2 8 4 1 6 E — 0 3  - 6 . 1 0 1 6 9 E - 0 3  1 . 8 2 4 6 1 E - 0 4  
F  1 . 0 1 5 5 8 E - 0 3  1 . 5 4 6 8 7 E - 0 3  2 . 5 6 2 4 5 E - 0 3  
T O T A L  7 . 2 9 9 7 3 E - 0 3  - 4 . 5 5 4 8 2 E - 0 3  2 . 7 4 4 9 1 E - 0 3  
C U A S I - C L A S S I C A L  E N E R G Y  
D  D  3 . 9 3 4 4 6 E - C 3  3 . 9 3 4 4 6 E - 0 3  
D  F  — 4 . 4 3 6 2  I E — 0 3  - 4 . 4 3 6 2 1 E - 0 3  
F F  L . 9 7 1 0 8 E - G 4  1 . 9 7 1 0 8 E - 0 4  
T O T A L  - 3 . 0 4 6 3 8 E - 0 4  - 3 . 0 4 6 3 8 E - 0 4  
I N T E R F E R E N C E  E N E R G Y  
- 7 . 2 7 8 7 9 E - 0 3  4 . 2 7 0 7 9 E - 0 3  - 3 . 0 0 8 0 0 E - 0 3  
B I N D I N G  E N E R G Y  
2 . 0 9 3 8 5 E - 0 5  - 5 . 8 8 6 7 1 E - 0 4  - 5 . 6 7 7 3 3 E - 0 4  
TABLE 44 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL 
X EXPONENT Y 
OF X 
A322 0.35327 A322 
A322 0.35327 A432 
A432 0.36873 A432 
A322 0.35327 B322 
A 322 0.35327 B432 

















( X , VA Y) 
-1. 177558E-01 
— 0 . 
-9.2 i 8341E-02 
-6.572062E-03 
— 1.653799E—02 

















TABLE 45. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-1ON 
2 
LOWEST A STATE INTERNUCLEAR SEPARATION 24.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
322 1.000000 0.33946 
432 . 0.240798 0.33209 




ATOMIC 9.72211E-01 VIRIAL DEFECT 1.19872E-04 
MOLECULAR ENERGY 
KINETIC POTENTIAL TOTAL 
5.33789E-02 -1.09053E-01 -5.56742E-02 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
D 1.94727E-03 -1.92954E-03 ).77352E-05 
F —2.26410E-05 1.53940E-03 1.51676E-03 
TOTAL 1.92463E-03 -3.90137E-04 1.53450E-03 
QUASI-CLASSICAL ENERGY 
D D 2.23939E—03 2.23939E-03 
D F -2.61820E-03 -2.61820E-03 
FF 6.82453E-05 6.82453E-05 
TOTAL -3.10564E-04 -3.10564E-04 
INTERFERENCE ENERGY 
-4.10131E—03 2.75876E-03 -1.34254E-03 
BINDING ENERGY 
-2.17667E-03 2.05806E-03 -1.18612E-04 
TABLE 45 ( CONTINUED). 







A322 0.33946 A322 0.33946 
A322 0.33946 A432 0. 33209 
A432 0.33209 A432 0.33209 
A322 0.33946 8322 0.33946 
A322 0.33946 B432 0.33209 








(X » VA Y) 
•1. L31525E-0L 
• 0 .  
•8.30229IE-02 
2. 35 1089E—03 
•8. 165913E-03 
•1 .421628E-02 
(X » VB Y ) 
•3 * 929 743E-02 






I . OOOOOOE + OO 
0. 






APPENDIX C: RESULTS FOR THE ANTIBONDING STATES, 2Su> 3II 
The tabulations for the antibonding states follow the same pattern 
as those for the bonding states. Explanatory remarks made there also 
apply here. 
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TABLE 46. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
2 — 
LOWEST 5 STATE INTERNUCLEAR SEPARATION 1.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.30670 
200 1.798813 1.05790 
210 -0.188967 1.24120 
320 -0.014351 1.62380 





KINETIC POTENTIAL TOTAL 
6.81232E-01 -2.46044E-01 4.35189E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S —2.20768E-01 2.56395E-01 3.56270E-02 
P 1.37619E-03 1.93175E-03 3.30794E-03 
0 2.40332E-05 1.34719E-05 3.75051E-05 
TOTAL -2.19368E-01 2.58340E-01 3.89724E-02 
QUASI—CLASSICAL ENERGY 
S S ' 3.81050E-01 3.81050E-01 
S P 3.06768E—02 3.06768E-02 
S D 1.09507E-03 1.09507E-03 
P P 1.63020E-03 1.63020E-03 
P 0 — 1.73974E—04 -1.73974E-04 
D D 1.12329E—05 1.12329E-05 
TOTAL 4.14289E-01 4.14289E-01 
INTERFERENCE ENERGY 




TABLE 46 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT (X,T Y) (X,VA Y) (X» VB Y) 
OF X OF Y 
AlOO 1 .30670 AlOO 1.30670 8 .537321E-•01 -1 . 306700E+00 — 8 .309534E-01 
AlOO 1 .30670 A200 1.05790 1 .342832E-•01 — 6 .006639E-01 -5 .107906E-01 
AlOO 1 .30670 A210 1.24120 0 + -0 . -2 .342771E-•01 
AlOO 1 .30670 A320 1.62380 0 e -0 
-1 .109878E-01 
A200 1 .05790 A200 1.05790 1 .8652 52E-01 -5 . 289499E-01 -5 .057202E-01 
A200 1 .05790 A210 1.24120 0 e -0 . -1 .862271E-•01 
A200 1 .05790 A 320 1.62380 0 . -0 e -8 .704858E-02 
A210 1 .24120 A210 1.24120 7 .702883E-01 — 6 .205998E-01 — 6 . 798240E-01 
A210 1 .24120 A320 1.62380 0 -0 
-2 .249 544E-01 
A320 1 .62380 A320 1.62380 1 .318362E+00 -5 . 412665E-01 — 6 .175072E-01 
AlOO 1 .30670 B100 1.30670 4 .015736E-01 -8 .159702E-01 -8 .159702E-01 
AlOO 1 .30670 B200 1.05790 I .718646E-01 -5 .947705E-01 -4 .888 3 70E-01 
AlOO 1 .30670 8210 1.24120 4 .662 805E-01 — 6 .847600E-01 -3 .435 767E-01 
AlOO 1 .30670 6320 1.62380 3 .895419E-01 -4 .409634E-01 -1 .391379E-01 
A200 1 .05790 B200 1.05790 1 .534164E-01 -4 .934214E-01 -4 .934214E-01 
A200 1 .05790 B210 1.24120 8 .232533E-02 -2 .820641E-01 -1 .147944E-01 
A200 1 .05790 B320 1.62380 -1 .41691OE-•02 -1 .077035E-01 — 6 .912097E-03 
A210 1 .24120 6210 1.24120 -2 .385584E-01 2 .8 76860E-01 2 .8 76860E-01 
A210 1 .24120 8320 1.62380 — 4 .157060E-01 2 .982041E-01 1 .993656E-01 















2 . 186457E-01 
9.424952E-01 






LOWEST 2 STATE INTERNUCLEAR SEPARATION 2.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.06538 
200 0.305667 1.12814 
210 -0.028735 1.56193 
320 -0.011437 1.39391 





KINETIC POTENTIAL TOTAL 
8.01016E-01 -9.68506E-01 -1.67490E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -7.10007E-02 7.42036E-02 3.20297E-03 
P 3.62794E-04 1.10396E-04 4.73191E-04 
D 3.76428E-05 4.27422E-05 8.03850E-05 
TOTAL -7.06002E-02 7.43568E-02 3.75655E-03 
QUASI-CLASSICAL ENERGY 
S S 3.23606E-02 3.23606E-02 
S P 7.90140E-03 7.90140E-03 
S D 1.67755E—03 1.67755E-03 
P P -3.54570E-05 -3.54570E-05 
P D -8.28279E-05 -8.28279E-05 
0 0 -1.48120E-06 -1.48120E-06 
TOTAL 4.18198E—02 4.18198E-02 
INTERFERENCE ENERGY 




TABLE 47 (CONTINUED). 





















































































































k 0 . 
-4.646363E-01 




•4 . 014574E-01 
3.299691E-01 






















•2 . 074036E—01 
4.763178E-02 
•5 . 889398E—03 






















LOWEST % STATE INTERNUCLEAR SEPARATION 3.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.04337 
200 0.103319 1.26581 
210 0.010428 0.61148 
320 -0.007183 1.15240 





KINETIC POTENTIAL TOTAL 
7.22794E-01 -1.09085E+00 -3.68059E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S —4.01723E—03 4.23171E-03 2.14484E-04 
P -2.82692E-05 6.26945E-05 3.44253E-05 
D 7.02616E-06 2.63831E-05 3.34093E-05 
TOTAL -4.03847E-03 4.32079E-03 2.82318E-04 
QUASI-CLASSICAL ENERGY 
S S 2.95778E-03 2.95778E-03 
S P -1.34584E—03 -1.34584E-03 
S D 6.49926E—04 6.49926E-04 
P P 1.97070E-06 1.97070E-06 
P D 1.79338E—05 1.79338E-05 
D D -2.27433E—06 -2.27433E-06 
TOTAL 2.27949E—03 2.27949E-03 
INTERFERENCE ENERGY 
2.26832E-01 -9.74532E-02 1.29379E-01 
BINDING ENERGY 




X EXPONENT Y EXPONENT (X,T Y) 
OF X OF Y 
AlOO 1.04337 AlOO 1. 04337 5 • 443133E-01 
AlOO 1.04337 A200 1. 26581 2 .423036E-01 
AlOO 1.04337 A210 0. 61148 0 
AlOO 1.04337 A320 1. 15240 0 
A200 1.26581 A200 1. 26581 2 .6 70446E-01 
A200 1.26581 A210 0. 61148 0 
A200 1.26581 A320 1. 15240 0 
A210 0.61148 A210 0. 61148 I .869562E-•01 
A210 0.61148 A320 1. 15240 0 
A320 1.15240 A320 1. 15240 6 .640130E-01 
AlOO 1.04337 B100 1. 04337 2 .056312E-02 
AlOO 1.04337 8200 1. 26581 3 .927666E-02 
AlOO 1.04337 B210 0. 61148 1 .128608E-01 
AlOO 1.04337 8320 1. 15240 2 .172169E-01 
A200 1.26581 B200 1. 26581 5 .502871E-02 
A200 1.26581 B210 0. 61148 1 •202585E-01 
A200 1.26581 B320 1. 15240 1 •770879E-01 
A210 0.61148 B210 0. 61148 1 .122784E-•02 
A210 0.61148 B32O 1. 15240 -1 .346537E-02 






-0 .  
—0 . 
-6.329037E-01 
- 0 .  














X AND Y 











































LOWEST 2 STATE INTERNUCLEAR SEPARATION 4.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 1.01495 
200 0.039767 1.30679 
210 0.040254 0.86181 
320 0.002805 0.68369 





KINETIC POTENTIAL TOTAL 
6.36128E-01 -1.08167E+00 -4.45538E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -2.46794E-03 2.51886E-03 5.09210E-05 
P -1.93200E—04 8.54695E-04 6.61494E-04 
0 -1.94244E—06 5.63219E-06 3.68976E-06 
TOTAL -2.66308E-03 3.37919E-03 7.16105E-04 
QUASI-CLASSICAL ENERGY 
S S 3.84966E-04 3.84966E-04 
S P  . . . . . .  — 4 . 5 0 7 4 5 E — 0 3  — 4 . 5 0 7 4 5 E — 0 3  
S D — 1.06867E-04 -1.06867E-04 
P P -5.49997E—05 -5.49997E-05 
P D -1.99106E-05 -1.99106E-05 
D D —4.26045E-08 -4.26045E-08 
TOTAL -4.30431E-03 -4.30431E-03 
INTERFERENCE ENERGY 




TABLE 49 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT (X,T Y) 
OF X OF Y 
AlOO 1.01495 AlOO 1.01495 5 . 150585E-01 
AlOO 1.01495 A200 1.30679 2 .574053E-01 
AlOO 1.01495 A210 0.86181 0 
AlOO 1.01495 A320 0.68369 0 
A200 1.30679 A200 1.30679 2 .846154E-•01 
A200 1.30679 A210 0.86181 0 
A200 1.30679 A320 0.68369 0 # 
A210 0.86181 A210 0.86181 3 .713584E-01 
A210 0.86181 A320 0.68369 0 
A320 0.68369 A320 0.68369 2 .337163E-01 
AlOO 1.01495 B100 1.01495 -3 .858106E-03 
AlOO 1.01495 B200 1.30679 1 .556459E-04 
AlOO 1.01495 B210 0.86181 6 .467883E-02 
AlOO 1.01495 B320 0.68369 I .139618E-01 
A200 1.30679 B200 1.30679 6 .210474E-03 
A200 1.30679 B210 0.86181 7 .993530E-02 
A200 1.30679 8320 0.68369 1 .192534E-01 
A210 0.86181 B210 0.86181 1 .225082E-01 
A210 0.86181 B320 0.68369 1 .534904E-02 
A 320 0.68369 B320 0.68369 
— 8 .956891E-03 
(X » VA Y) 
-1.014947E+00 
-7 . 366635E—0 L 
-0. 
- 0 .  
-6.533938E—01 
-0 .  
- 0 .  
-4.309051E-01 
-0. 






- 2 . 690416E-01 
-2 . 971432E-0 I 




















-1 . 116223E-01 
•1.263051E-01 
1.630 7 09E—02 
-4.610090E-03 















2 . 728954E-01 






LOWEST % STATE INTERNUCLEAR SEPARATION 6.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 l.OOOOOQ 1.00640 
200 0.013204 1.18440 
210 0.042871 0.83880 
320 0.006278 0.86308 





KINETIC POTENTIAL TOTAL 
5.41196E-01 -1.03183E+00 -4.90637E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -2.66120E-04 2.68467E-04 2.34693E-06 
P -2.65356E-04 1.03953E-03 7.74172E-04 
0 -4.897406-06 2.73504E-05 2.24530E-05 
TOTAL -5.36374E-04 1.33535E-03 7.98972E-04 
QUASI-CLASSICAL ENERGY 
S S 6.83591E-06 6.83591E-06 
S P -2.29002E-03 -2.29002E-03 
S D -1.15086E-04 -1.15086E-04 
P P -3.23053E-05 -3.23053E-05 
P D -3.04410E-05 -3.04410E-05 
D D -1.19299E—06 -1.19299E-06 
TOTAL -2.46221E-03 -2.46221E-03 
INTERFERENCE ENERGY 
4.17324E-02 -3.07063E-02 1.10262E-02 
BINDING ENERGY 




X EXPONENT Y EXPONENT (X,T Y) 
OF X OF Y 
AlOO 1.00640 AlOO I. 00640 5 .064203E-01 
AlOO 1.00640 A200 1. 18440 2 . 118680E-01 
AlOO 1.00640 A210 0. 83880 0 e 
AlOO 1.00640 A320 0. 86308 0 
A200 1.18440 A200 1. 18440 2 .338000E-01 
A200 1.18440 A210 0. 83880 0 e 
A200 1.18440 A320 0. 86308 0 
A210 0.83880 A210 0. 83880 3 .517924E-01 
A210 0.83880 A320 0. 86308 0 # 
A320 0.86308 A320 0. 86308 3 • 724531E-01 
AlOO 1.00640 B100 1. 00640 — 6 .179762E-03 
AlOO 1.00640 B200 1. 18440 -7 .511888E-03 
AlOO 1.00640 B210 0. 83880 4 .688597E-03 
AlOO 1.00640 B320 0. 86308 3 .883313E-02 
A200 1.18440 B200 1. 18440 -8 .106093E-03 
A200 1.18440 B210 0. 83880 1 .139436E-02 
A200 1.18440 8320 0. 86308 5 .184967E-02 
A210 0.83880 B210 0. 83880 5 .562530E-02 
A210 0.83880 B320 0. 86308 7 .9115 70E-02 
A320 0.86308 B320 0. 86308 5 .446603E-02 
CONTINUED). 
IC ORBITALS X AND Y 








4 . 193998E—01 
0. 
2 . 87693ÎE-01 
1.689666E-02 
2 . 773099E-02 
1.037190E-01 


















































LOWEST % STATE INTERNUCLEAR SEPARATION 8.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100 1.000000 0.98591 
200 -0.023037 1.01715 
210 0.032067 0.80040 
320 0.005720 0.81443 





KINETIC POTENTIAL TOTAL 
5.10097E-01 —1.00870E+00 -4.98602E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -9.26293E-O4 9.26927E-04 6.33299E-07 
P -1.92250E-04 6.41764E-04 4.49514E-04 
D —5.73225E—06 2.48056E-05 1.90734E-05 
TOTAL -1.12428E-03 1.59350E-03 4.69221E-04 
QUASI-CLASSICAL ENERGY 
S S 1.61119E-07 1.61119E-07 
S  P  . . . . . .  — 9 . 9 2 2 2 0 E - 0 4  - 9 . 9 2 2 2 0 E - 0 4  
S D —4.66228E-05 -4.66228E-05 
P  P  . . . . . .  — 9 . 6 2 8 6 4 E — 0 6  — 9 . 6 2 8 6 4 E — 0 6  
PO -1.26150E-05 -1.26150E-05 
0 D —5.52756E-07 -5.52756E-07 
TOTAL -1.06148E-03 -1.06148E-03 
INTERFERENCE ENERGY 






X EXPONENT Y 
OF X 
AlOO 0 .98591 AlOO 
AlOO 0 .98591 A200 
AlOO 0 .98591 A210 
A1C0 0 .98591 A320 
A200 1 .01715 A200 
A200 1 .01715 A210 
A200 1 .01715 A320 
A210 0 .80040 A2 10 
A210 0 .80040 A320 
A 320 0 .81443 A320 
A 100 0 .98591 B100 
AlOO 0 .98591 B200 
AlOO 0 .98591 B210 
AlOO 0 .98591 B320 
A200 1 .01715 8200 
A200 1 .01715 B210 
A200 1 .01715 B320 
A210 0 .80040 B210 
A210 0 .80040 6320 
A32Û 0 .81443 8320 
INTEGRALS BETWEEN 
ORBITAL 
EXPONENT 1X » T Y) 
OF Y 
0. 98591 4 .8600 76E-01 
1. 01715 1 .514608E-01 
0. 80040 0 # 
0. 81443 0 
1. 01715 1 .724314E-01 
0. 80040 0 * 
0. 81443 0 e 
0. 80040 3 .203215E-01 
0. 81443 0 e 
0. 81443 3 .316480E-01 
0. 98591 -2 .162371E-03 
1. 01715 -3 .700488E-03 
0. 80040 -3 .488491E-03 
0. 81443 6 .120465E-03 
1. 01715 -5 .221908E-03 
0. 80040 -1 .5945 71E-03 
0. 81443 1 .503658E-02 
0. 80040 1 .524987E-02 
0. 81443 4 .053831E-02 
0. 81443 5 .0 76109E-02 
CONTINUED). 
IC ORBITALS X AND Y 










2 . 714766E-01 





















































LOWEST 2 STATE INTERNUCLEAR SEPARATION 10.0000 A.U. 
U 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
100  1 .000000  1 .01180  
200 0.020986 1.01000 
210 0.022630 0.82500 
320 0.003629 0.81432 





KINETIC POTENTIAL TOTAL 
5.02068E-01 -1.00197E+00 -4.99899E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
S -2.50340E-04 2.50459E-04 1.19209E-07 
P -7.88416E-05 2.90063E-04 2.11221E-04 
D -2.13906E-06 9.25206E-06 7.11300E-06 
TOTAL -3.31320E-04 5.49774E-04 2.18453E-04 
QUASI-CLASSICAL ENERGY 
S S 3.72529E-08 3.72529E-08 
S P -4.34223E—04 -4.34223E-04 
S D -1.45681E—05 -1.45681E-05 
P P -2.17341E-06 -2.17341E-06 
P D -3.07355E-06 -3.07355E-06 
D D -1.00861E-07 -1.00861E-07 
TOTAL -4.54102E-04 -4.54102E-04 
INTERFERENCE ENERGY 




TABLE 52 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT (X,T Y) 
OF X OF Y 
AlOO 1.01180 AlOO 1. 01180 5 .118693E-01 
AlOO 1.01180 A200 1. 01000 1 .471069E-01 
AlOO 1.01180 A210 0. 82500 0 
AlOO 1.01180 A320 0. 81432 0 # 
A200 1.01000 A200 1. 01000 1 .700163E-01 
A200 1.01000 A210 0. 82500 0 
A200 1.01000 A320 0. 81432 0 
A210 0.82500 A210 0. 82500 3 .403122E-01 
A210 0.82500 A320 0. 81432 0 
A320 0.81432 A320 0. 81432 3 * 315581E-01 
AlOO 1.01180 B100 1. 01180 -4 .751392E-04 
AlOO 1.01180 B200 1. 01000 -1 .183313E-03 
AlOO 1.01180 8210 0. 82500 -2 .343179E-03 
AlOO 1.01180 B320 0. 81432 -1 •743427E-03 
A200 1.01000 B200 1. 01000 -2 .369059E-03 
A200 1.01000 B210 0. 82500 -3 .3229 75E-03 
A200 1.01000 B320 0. 81432 1 .919095E-04 
A210 0.82500 B210 0. 82500 —4 .441981E-04 
A210 0.82500 8320 0. 81432 1 .147193E-02 







- 0 .  
- 0 .  
•4 • 124998 E—01 
0. 
•2 . 714398E-01 
-4.538682E-04 
• 1.889097E—03 
•8 . 825344E-03 
-2.976899E—02 
-3.545674E-03 
• L • 289269E-02 
•3•639922E-02 
• 1 • 917449E-02 
-3.768976E-02 
•3.255490E-02 











•4 . 53868 1E-04 
-1.072408E-03 






























TABLE 53>2 LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
LOWEST IT STATE INTERNUCLEAR SEPARATION 2.0000 A.U. 
ATOMIC 
ORBITALS 



























BINDING ENERGY PARTITIONING 









































6.87495E-02 4.50326E-02 1.13782E-01 
BINDING ENERGY 
1•10618E-01 2.87720E-01 3.98338E-01 
TABLE 53 (CONTINUED). 







































































































8.42 32 59E-02 
3.108548E—02 
• 1.033 304E—01 
-1.0155 86E-01 
1.066209E-01 
(X » VA Y) 
•3.000 379E-0I 
-2 . 735627E-01 
• 0 .  
-0. 
•2 * 6098 74E—0 1 
-0 .  













•9 . 537243E-02 
(X» VB Y) 











•2 .2885 17E-01 
•1.000226E—01 
•2 . 75792IE-02 
•2.254145E—01 
•8.845315E-02 


























TABLE 54. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
LOWEST 7T STATE INTERNUCLEAR SEPARATION 3.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
211 1.000000 0.85278 
311 2.947656 0.71091 
321 -0.303985 0.63274 
431 -0.069347 0.70279 





KINETIC POTENTIAL TOTAL 
2.36866E-01 -1.33214E-01 1.03652E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 2.68712E-02 -2.49595E-C2 1.91W6E-03 
0 4.7651IE—04 2.47741E—04 7.24252E-04 
F 4.02288E-05 2.45089E-05 6.47377E-05 
TOTAL 2.73880E-02 -2.46872E-C2 2.70075E-0? 
QUASI-CLASSICAL ENERGY 
P  P  . . . . . .  1 .  1 6 o 2 9 E — C „  1 . 1 6 6 2 9 E - U 1  
P D 7.83614E-03 7.83614E-03 
P  F  . . . . . .  6 . 4 0 3 4 6 E — 0 4  6 . 4 0 3 4 6 E — 0 4  
D D 8.12723E-04 8.12723E-04 
D F -1.49269E—04 -1.49269E-04 
FF 4.93037E-05 4.93037E-05 
TOTAL 1.25818E-01 1.25818E-01 
INTERFERENCE ENERGY 
8.44777E-02 1.56552E-02 1.00133E-01 
BINDING ENERGY 
1.11866E-01 1.16786E—01 2.28652E-01 
TABLE 54 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
(X,VB Y) ( X » Y ) X EXPONENT Y EXPONENT (X,T Y) (X,VA Y) 
OF X OF Y 
A211 0.85278 A211 0. 85278 3 •6361586-01 -4 •2638936-01 -2 .6629576-01 1 .OOOOOOE+OO 
A211 0.85278 A311 0. 71091 1 .3803986-01 -2 .5427776-01 -I . 906694E-01 8 .1307086-01 
A211 0.85278 A321 0. 63274 0 e -0 . -4 •560217E-02 0 . 
A211 0.85278 A431 0. 70279 0 -0 -1 .5584206-02 0 
A311 0.71091 A311 0. 71091 1 .1792436-01 -2 •3696936-01 -1 .9987136-01 1 .0000006+00 
A311 0.71091 A321 0. 63274 0 e -0 e -4 .8278866-02 0 . 
A311 0.71091 A431 0. 70279 0 e -0 . -1 .7548616-02 0 . 
A321 0.63274 A321 0. 63274 2 .0018016-01 -2 .1091346-01 -2 .0510856-01 1 .0000006+00 
A 321 0.63274 A431 0. 70279 0 e -0 e -5 .1616866-02 0 
A431 0.70279 A431 0. 70279 2 •4695866-01 -1 .7569816-01 -I .8386286-01 1 .0000006+00 
A211 0.85278 B211 0. 85278 1 .179003E-01 -1 .8951746-01 -1 .8951746-01 5 • 6469636—01 
A211 0.85278 B311 0. 71091 8 .572644E-02 -1 .7812956-01 -I .5672186-01 5 .9976376-01 
A2I1 0.85278 B321 0. 63274 1 .409059E-01 -2 .0055756-01 -1 .3257046-01 5 .5321136-01 
A211 0.85278 B431 0. 70279 1 .235987E-01 -I .4416486-01 -7 .351031E-02 3 .3629656-01 
A3 11 0.71091 B311 0. 71091 8 • 385121E-02 -1 .809931E-01 -I .809931E-01 8 .1182776-01 
A311 0.71091 B321 0. 63274 8 .538338E-02 -1 •468437E-01 -9 .867943E-02 5 .0920136-01 
A311 0.71091 B431 0. 70279 5 .089900E-02 -8 . 1I1528E-02 -3 .739411E-02 2 .1955996-01 
A321 0.63274 B321 0. 63274 -2 •8003756-02 5 .8190546-02 5 • 819054E-02 -4 .1190276-01 
A321 0.63274 B431 0. 70279 -9 .5967746-02 1 .0273096-01 7 •760093E-02 -4 *9474556-01 
A431 0.70279 B431 0. 70279 2 .1101906-02 -3 •2666756-02 -3 .266675E-02 2 .8640376-01 
189 
ORBITALS COEFFICIENTS EXPONENTS 
211 1.000000 0.56957 
311 0.400869 0.71682 
321 -0.011603 0.88003 
431 -0.017938 0.61048 





KINETIC POTENTIAL TOTAL 
2.30555E-01 -2.11490E-01 1.90650E-02 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 2.10288E—02 -1.98671E-02 1.16171E-03 
D 1.81021E—05 —2.99210E-06 1.51100E-05 
F 1.0121IE—05 1.60667E-05 2.61878E-05 
TOTAL 2.1057CE—02 -1.98540E-02 1.20301E-03 
QUASI-CLASSICAL ENERGY 
P P 6.23838E-C2 6.28838E-02 
P D 8.72268E-04 8.72268E-04 
P F 4.15526E—04 4.15526E-04 
D D 1.57139E-06 1.57139E-06 
D F  . . . . . .  — 9 . 4 5 6 4 8 E — 0 6  — 9 . 4 5 6 4 8 E — 0 6  
FF 1.49779E—05 1.49779E-05 
TOTAL 6.41787E-02 6.41787E-02 
INTERFERENCE ENERGY 




TABLE 55 (CONTINUED) 




















OF X OF Y 
A211 0.56957 A211 0.56957 1 •622025E-01 -2 . 847829E-01 -I .902059E-01 1 .OOOOOOE+OO 
A211 0.56957 A311 0.71682 1 .288230E-01 -2 .532541E-01 -1 .817221E-01 9 .843660E-01 
A211 0.56957 A321 0.88003 0 . -0 * -5 .274877E-02 0 . 
A211 0.56957 A431 0.61048 0 -0 * -1 •585297E-02 0 
A311 0.71682 A311 0.71682 1 .198924E-01 -2 .389386E-01 -1 . 800267E-01 1 •OOOOOOE+OO 
A311 0.71682 A321 0.88003 0 -0 . — 5 . 128703E-02 0 • 
A311 0.71682 A431 0.61048 0 . -0 . -I •680342E-02 0 
A 321 0.88003 A321 0.88003 3 .8722782-01 -2 .933438E-01 -2 .272 367E-01 1 .OOOOOOE+OO 
A321 0.88003 A431 0.61048 0 -0 * -4 .430426E-02 0 
A431 0.61048 A431 0.61048 1 .863437E-01 -1 • 526203E-01 -1 • 592195E-01 1 .OOOOOOE+OO 
A211 0.56957 B211 0.56957 6 .438499E-02 -1 . 461429E-01 -I .461429E-01 6 .294045E—01 
A211 0.56957 B311 0.71682 6 .464932E-02 -1 .503478E-01 -1 • 433428E-01 6 .573049E-01 
A211 0.56957 8321 0.88003 1 .034930E-01 -1 .599971E-01 -I .104237E-01 4 .8559 51E-01 
A211 0.56957 B431 0.61048 7 .838270E-02 -I . 191118E-01 -5 .905684E-02 3 .532702E-01 
A3 11 0.71682 B311 0.71682 6 .511951E-02 -1 • 480751E-01 -I .480 751E-01 6 .892057E-0I 
A311 0.71682 B321 0.88003 8 .632 766E-02 -1 •389491E-01 -9 .908889E-02 4 .526441E-01 
A 311 0.71682 B431 0.61048 6 .319884E-02 -1 .020527E-01 -5 .081318E-02 3 .267250E-01 
A321 0.88003 B321 0.88003 I .333026E-01 -7 .860207E-02 -7 .860207E-02 1 .916556E-01 
A321 0.88003 B431 0.61048 -3 •858539E-02 6 •373418E-02 4 •135675E-02 -3 •348903E-01 
A431 0.61048 B431 0.61048 —6 .257067E-03 -8 .816343E-03 -8 •816342E-03 1 .491110E-01 
191 
TABLE 56. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-1 ON, 
2. 

































BINDING ENERGY PARTITIONING 













































TABLE 56 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 









( X t Y ) 
OF X OF Y 
A211 0 .  58226 A211 0 .  58226 1 .695105E-01 -2 .911275E-01 -1 .469108E-01 1 .OOOOOOE+OO 
A211 0 .  58226 A311 0 .  73185 1 •343850E-01 -2 .5865952-01 -1 .426204E-01 9 .841672E-01 
A211 0 .  58226 A321 0 .  55291 0 * -0 . -3 .274729E-02 0 * 
A211 0 .  58226 A431 0 .  58515 0 * -0 . -1 .312655E-02 0 e 
A3 11 0 .  73185 A311 0 .  73185 1 .249736E-01 -2 .439493E-01 -1 .432574E-01 1 .OOOOOOE+OO 
A311 0 .  73185 A321 0 .  55291 0 e -0 -3 .498 341E-02 0 . 
A311 0 .  73185 A431 0 .  58515 0 -0 -1 .450818E-02 0 
A321 0 .  55291 A321 0 .  55291 1 .528543E-01 -1 .843030E-01 -1 .478 119E-01 1 .OOOOOOE+OO 
A321 0 .  55291 A4 31 0 .  58515 0  # -0 -4 .605612E-02 0 * 
A431 0 .  58515 A431 0 .  58515 1 .711993E-01 -1 .462871E-01 -1 .433316E-01 1 .OOOOOOE+OO 
A211 0 .  58226 B211 0 .  58226 2 •527371E-02 -7 . 575758E-02 -7 .575758E-02 3 .713443E-01 
A211 0 .  58226 B 3 11 0 .  73185 2 .791221E-02 — 8 • 220006E-02 -7 . 790859E-02 4 .000377E—01 
A2U 0 .  58226 B321 0 .  55291 6 .075902E-02 -i .309471E-01 — 8 .649748E-02 5 .411475E-01 
A211 0 .  58226 B431 0 .  58515 7 .740327E-02 -i • 353125E-01 -6 .766298E-02 4 . 729475E-01 
A 3 11 0 .  73185 B 311 0 .  73185 3 .038713E-02 -8 .419893E-02 -8 . 4 19893E-02 4 . 300771E-01 
A 3 11 0 .  73185 8 321 0 .  55291 6 .245940E-02 -1 .289990E-01 — 8 .996096E— 02 5 .676081E—01 
A 3 11 0 .  73185 B431 0 .  58515 7 .340997E-02 -1 .263298E-01 —6 . 598938E-02 4 . 733917E-01 
A321 0 .  55291 B321 0 .  55291 4 .973593E-02 -4 .291425E-02 -4 .291425E-02 1 .403109E-01 
A321 0 .  55291 B431 0 .  58515 6 .926164E-04 2 .1103156-02 1 .678575E-02 -2 . 335361E-01 
A431 0 .  58515 B431 0 .  58515 -2 .454841E-•02 1 .9224646-02 1 .922464E-02 -1 .1944376-01 
193 
TABLE 57. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION. 
LOWEST TT STATE INTERNUCLEAR SEPARATION 8.0000 A.U. 
G 
ATOMIC ORBITAL 
ORB ITALS COEFFICIENTS EXPONENTS 
























BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 1.42355E-02 -1.37672E-02 4.68272E-04 
D 3.42084E—05 6.05758E-04 6.39966E-04 
F -7.11354E—07 2.77814E-06 2.06679E-06 
TOTAL 1.42690E-02 -1.31587E-02 1.11030E-03 
QUASI-CLASSICAL ENERGY 
P P 1.00530E-02 1.00530E-02 
P D - -4.20785E-03 -4.20785E-03 
P F -6.38542E-05 -6.38542E-05 
D D 4.35483E-05 4.35483E-05 
D F -2.33710E-05 -2.33710E-05 
FF 3.99584E—07 3.99584E-07 
TOTAL 5.80186E-03 5.80186E-03 
INTERFERENCE ENERGY 
4.36699E—02 -1.99633E-02 2.37066E-02 
BINDING ENERGY 
5.79389E-02 -2.73201E-02 3.06188E-02 
TABLE 57 
ORBITAL 
X EXPONENT Y 
OF X 
A211 0.53813 A211 
A211 0.53813 A311 
A211 0.53813 A321 
A211 0.53813 A431 
A311 0.70783 A311 
A311 0.70783 A321 
A311 0.70783 A431 
A321 0.50899 A321 
A321 0.50899 A431 
A431 0.41908 A431 
A211 0.53813 B211 
A211 0.53813 B311 
A211 0.53813 B321 
A211 0.53813 B431 
A3 11 0.70783 B311 
A311 0.70783 B321 
A311 0.70783 B431 
A321 0.50899 B321 
A321 0.50899 B431 
A431 0.41908 B431 
INTEGRALS BETWEEN 
ORBITAL 
(X,T Y) EXPONENT 
OF Y 
0. 53813 1 .447939E-01 
0. 70783 1 .221425E-01 
0. 50899 0 
0. 41908 0 
0. 70783 1 .169066E-01 
0. 50899 0 e 
0. 41908 0 
0. 50899 1 .295367E-01 
0. 41908 0 
0. 41908 8 .781318E-02 
0. 53813 9 .633068E-03 
0. 70783 1 .032 205E-02 
0. 50899 3 .349698E-02 
0. 41908 4 .539659E-02 
0. 70783 1 . 107960E-02 
0. 50899 3 .582194E-02 
0. 41908 4 .729750E-02 
0. 50899 4 .575860E-02 
0. 41908 6 .906666E-03 
0. 41908 -1 .310862E-02 
CONTINUED) 
IC ORBITALS X AND Y 










































( X » Y ) 
1 .OOOOOOE + OO 




















TABLE 58. LCAO WAVE FUNCTION FOR THE HYDROGEN MOLECULE-ION 
2 
LOWEST rr STATE INTERNUCLEAR SEPARATION 10.0000 A.U. 
G 
ATOMIC ORBITAL 
ORBITALS COEFFICIENTS EXPONENTS 
211 1.000000 0.52282 
311 0.085315 0.67112 
321 0.121726 0.48216 
431 0.018439 0.49870 





KINETIC POTENTIAL TOTAL 
1.62903E-01 -2.72813E-01 -1.09911E-01 
BINDING ENERGY PARTITIONING 
KINETIC POTENTIAL TOTAL 
PROMOTIONAL ENERGY 
P 7.98382E-03 -7.83530E-03 1.48515E-04 
D -1.08980E-04 1.11084E-03 1.00186E-03 
F -1.85467E-07 3.57803E-05 3.55948E-05 
TOTAL 7.87465E-03 -6.68868E-03 1.18597E-03 
QUASI-CLASSICAL ENERGY 
P P 5.46517E-03 5.46517E-03 
P D . -3.99054E-03 -3.99054E-03 
P F —2.26530E-04 -2.26530E-04 
D  D  . . . . . .  1 . 3 9 2 7 2 E - 0 5  1 . 3 9 2 7 2 E - 0 5  
D F -L.11956E-04 -1.11956E-04 
F F  . . . . . .  - 4 . 4 7 7 2 4 E — 0 7  - 4 . 4 7 7 2 4 E - 0 7  
TOTAL 1.14962E-03 1.14962E-03 
INTERFERENCE ENERGY 




TABLE 58 (CONTINUED). 
INTEGRALS BETWEEN ATOMIC ORBITALS X AND Y 
ORBITAL ORBITAL 
X EXPONENT Y EXPONENT (X,T Y) (X,VA Y) (X tVB Y) (X,Y) 
OF X OF Y 
A211 0.52282 A211 0. 52282 1 .366712E-01 -2 «614108E-01 -9 .452 740E-02 1 .OOOOOOE+OO 
A211 0.52282 A311 0. 67112 I .115611E-01 -2 .357 147E-01 -9 • 290796E-02 9 .871307E-01 
A211 0.52282 A321 0. 48216 0 . -0 -1 . 7 89444E-02 0 . 
A211 0.52282 A431 0. 49870 0 -0 . — 6 .699213E-03 0 . 
A311 0.67112 A311 0. 67112 1 .050925E-01 -2 •237054E-01 -9 .379262E-02 1 .OOOOOOE+OO 
A3 i 1 0.67112 A321 0. 48216 0 -0 -1 .905493E-02 0 
A3 11 0.67112 A431 0. 49870 0 -0 , -7 .219923E-03 0 
A321 0.48216 A321 0. 48216 I .162412E-01 -1 .607214E-01 -9 . 888066E-02 1 .OOOOOOE+OO 
A321 0.48216 A431 0. 49870 0 -0 . -2 . 970034E-02 0 
A431 0.49870 A431 0. 49870 I .243504E-01 -1 .246748E-01 -1 .015682E-01 1 .OOOOOOE+OO 
A211 0.52282 B211 0. 52282 2 .924622E-03 -2 .150563E-02 -2 .150563E-02 1 .431361E-01 
A211 0.52282 B311 0. 67112 3 .179333E-03 -2 .272233E-02 -2 . 235855E-02 1 . 505812E-01 
A211 0.52282 B321 0. 48216 1 .737276E-02 — 6 .055460E-02 -3 .902 570E-02 3 .361771E-01 
A2L1 0.52282 B431 0. 49870 3 .4649242-02 — 8 .843378E-02 -4 .374264E-02 4 . 2 30659E —01 
A3 11 0.67112 B 3 11 0. 67112 3 .490465E-03 -2 .364101E-02 .364101E-02 1 . 585590E-01 
A311 0.67112 B321 0. 48216 1 .900697E-02 — 6 .226418E-02 -4 .194393E-02 3 .584324E-01 
A3 11 0.67112 B4 31 0. 49870 3 .703534E-02 — 8 .90142 7E-02 -4 .652294E-02 4 .484782E-01 
A321 0.48216 8321 0. 48216 3 .518376E-02 -5 .243096E-02 -5 . 243096E-02 3 . 497663E-01 
A321 0.48216 B431 0. 49870 3 . 106060E-02 -3 .100430E-02 -2 . 296440E-02 1 . 186060E-01 
A431 0.49870 B431 0. 49870 7 .027722E-03 1 .971822E-03 1 •971822E-03 — 8 .814683E—02 
